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TOTAL QUALITY MANAGEMENT

PAPERS/PRESENTATIONS
Aaron, Robert D., "What Processes do You Own? How are They Doing?," Program

Manager, Journal of the Defense Systems Management College, September-October 1989,
pp- 17-21.

Aerospace Industries Association, parphle. on Total Quality Management. 1990.

Alexander, Col. Roger S., USAF, "Total Quality Manag=ment, The ASD Experience,”
Proceedings of the |EEE 1989 Nationa' Aerospace and Electronics Conference, NAECON
1989, Volume 4, pp. 1655-1660.

TQM can be described as a leadership philosophy that creates a working
environment which promotes teamwork and the quest for continuous
improvement. The Aeronautical Systems Division (ASD) has been engaged
in applying this philosophy for two years. This paper summarizes the
evolution and operation of TQM at ASD and then discusses the lessons
being learned.

Andersen, Bruce, Tektronix Automotive Business Unit, "Accounting for Continuous
Improvement,” Viewgraphs, Proceedings of the GOALIQPC 6th Annual Conference,
Boston, MA, 4-6 December 19%9.

Andrews, Don, Dow Chemical Canada, Inc., Hoshin Planning, Viewgraphs, Proceedings
of the GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1989,

Andrews, Don, Dow Chemical Canada, Inc., Developing a Company Wide TQM Master
Plan, Viewgraphs, Proceedings of the GOAL/QPC 6th Annual Conference, Boston, MA,
4-6 December 1989.

Appleton, Herbert M., Martin Marietta Missile Systems, "Measuring the Cost of Quality of
Business Processes,” AIAA/ADPA/NSIA 1st National Total Quality Management
Svmposium, A Collection of Tecknical Papers, Denver, CO, 1-3 November 1989,
pp. 198-203.

This paper presents arguments for analysis and measurement of processes
that control organizations. All activities in a busine. ; process have either a
direct or indirect 2ffect on service and quality within the organization which
ultimately is passed on to the customer in the form of higher costs or against
the organization’s profit line. Toeday, a majority of the costs of quality,
nonconformance and poor service is generated by indirect labor as opposed
to direct-touch labor. Applying enhancements of classical Industrial
Engineering work measurement tools in a team of interfunctional,
experienced "knowledgeworkers" provides monitoring tools to measure the
cost of quality and breakthroughs to simplify and improve the process.

Atwood, Donald J., The Deputy Secretary of Defernse, "DoD Strives for Total Quality
Management,” Signal, January 1990, pp. 25-26.

Atwood, Donald J., The Deputy Secretary of Defense, Improving the Acquisition
Process--Buying Best Value, Memorandum, 1 May 1989,
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Augustine, Norman R., "Industry and Total Quality Management,” Signal, January 1990,
page 37; Current News Special Edition No. 1838, March 1990, page 5.

Barry, Dominick R., Martin Marietta Astronautics, “Total Quality Management: Cultures
for Improved Productivity," AIAA/ADPA/NSIA Ist National Total Quality Management
Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November 1989,
pp. 209-213.

This paper addresses three crucial areas vital to the success of Total Quality
Management: (1) the development of an organizational culture which is
adaptive in an increasingly turbulent environment; (2) the role of
management in providing goals and consistent visible support for the
changes required to meet today's new challenges; and (3) creation of a
reward system which gives continuous life to TQM.

Bauer, Dr. Lawrence T., Harris Corporation, "Total Quality Management Planning,”
AIAA/ADPAINSIA st National Total Quality Management Syriposium, A Coilection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 214-216.

_The key ingredient to any successful TQM program is top management
commitment and involvement. The early top management involvement
reflects itself in a series of goals and visions for the organizations. From
these broad guidelines, awareness training of personnel can take place,
followed by a selected level of skills training associated with the process of
improvement and changing the culture of the organization. Management
training must also be considered to include continuous improvement as
another tool in the manager's kit of approaches to the business environment.
To track the success of the program; it is appropriate that a series of
measurements be determined reflecting the results of the teams pursuing
process improvements. To maintain and coordinate the program, the issue
of a responsible person or executive in charge is also appropriate.
Following a series of early successes, most programs will tend to level out
or even drop in their effectiveness. It is necessary to recognize that TQM
requires certain planning for the next level of attainment and the long term
infusion of TQM into the culture.

Bebb, H. BRarry, "Quality Design Engineering, The Missing Link in U.S.
Competitiveness,” Xerox, Viewgraphs, edited by Gary Slutsker.

One way to keep up with Japanese automakers is with quality circles and
company songs. Another, and possibly better, technique is to purchase
more lasers.

Betti, John A., Ford Motor Company, The Quest for Quality, A Key to the Corporate
Turnaround at Ford Motor Company, nresented to the U.S. Air Force Systems Command
and a group of aerospace industry CEOs, Andrews AFB, 4 November 1988.

Betti, John A., Under Secretary of Defense (Acquisition), "Changing the Fundamental
Acquisition Process,” Defense Issues, Volume 4, Number 19, remarks to the fourth
Annual Quality Improvement Symposium, Dayton, OH, 12 September 1989.

Blakeslee, Sandara, "Restoring Quality in Quality Control,” The Changing Technology,
Washington Post, article.

There is a silver lining to recent disasters in defense industry: a search has
been launched for mere and better people.
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Bowen, Phillip and Ben Davis, Martin Marietta Aerospace, "Total Quality Management as
Applied to Space Systems New Build Hardware," ATAA/ADPA/NSIA 1st National Total
Quality Management Symposium, A Collection of Technical Papers, Denver, CO, 1-3
November 1989, pp. 217-220.

Total Quality Management concepts such as concurrent engineering, product
teams, job ownership, vendor involvement and continuous product
improvement were implemented in the design and build of two new
structural subsystems for one of Martin Marietta's Space System's
programs. The practice of these concepts enhanced the engineering and
manufacturing efforts, resulting in a drastic reduction in the number of
errors and produced a high quality product on schedule and under budget.
In addition, the practice of these concepts improved tle working
environment by encouraging each individual to share responsitility for the
success of the product. :

Bowman, Capt. Peter, Portsmouth Naval Shipyard, "Continuous Improvement at the
Portsmouth Naval Shipyard," Proceedings of the GOAL/QPC 6th Annual Conference,
Boston, MA, 4-6 December 1989.

Broedling, Laurie A., Keynote Address, American Society for Quality Control, Fourth
Annual Quality Conference, Cocoa Beach, FL, 29 March 1990.

Broedling, Laurie A., "DoD Perspective on Continuous Improvement in Industry,”
presented at the Defense Communication Agency Forecast to Industry, Crystal Gateway
Marriott, Arlington, VA, 17 April 1990.

Bushe, Gervase R., "Cultural Contradictions of Statistical Process Control in American
Manufacturing Organizations,” Journal of Management, Vol. 14, No. 1, 1988, pp. 19-31.

This 2-1/2-year study of the implementation of statistical process control in
one U.S. location of a large corporation in the automotive industry
uncovered cultural barriers to the innovation. A "manufacturing culture” is
posited and three cultural themes that impeded implementation are
described. Implications for research on use of innovation and ethnographic
inquiry are discussed.

Byrne, Diane M. and Shin Taguchi, "The Taguchi Approach to Parameter Design,” ASQC
Quality Congress Transaction, Anaheim, CA, 1986. :

Designing a product and a system to manufacture the product requires
innovation. Few countries can compare with the innovation that is bred in
the U.S. In fact, the Japanese have been known to laich onto system
designs which were developed by U.S. scientists and engineers.
Consequently, the system design for a given product may be virtually the
same in Japan as in the U.S. Why then do the Japanese end up with a better
product?

The answer is found in their keen ability to optimize product and process
designs through the methodology developed by Dr. Genichi Taguchi. The
key element of Dr. Taguchi's optimization procedure is the step called
Parameter Design--the determination of product parameters or process factor
levels such that the product’s functional characteristic is optimized and has
minimal sensitivity to noise.

This paper offers an introduction to Dr. Taguchi's philoscphy and to his
systematic approach to quality engineering which essentially includes these
three steps: (1) system design; (2) parameter design; and (3) tolerance
design. We focus in this paper on the middle step, parameter design, which
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is often the most crucial step for achieving high quality without an increase
in cost.

Tolerance design typically means spending money: buying better grade
materials, etc. The Japanese concentrate their efforts on parameter design
which usually entails optimizing with low cost materials. They employ
tolerance design when the desired quality level cannot be reached through
parameter design.

To illustrate the use of the parameter design technique, we discuss a case
study where the objective was to maximize the force required to separate a
small assembly. Through discussion of this example, several features of
the Taguchi methodology are demonstrated, such as orthogonal arrays, and
the use of the signal-to-noise ratio in the data analysis. We describe how
these tools were used in determining a combination of controllable-factor
levels which resulted in maximum pull-off force with minimal influence
from changes in uncontrollable (noise) factors. Such is the goal of
parameter design.

Carlucci, Frank, The Secretary of Defense, Department of Defense Posture on Qualiry,
Memorandum, 30 March 19§8.

Cartin, T.J., Northrop Corporation, "Quality - The Old and The New Testaments,”
AIAA/ADPAINSIA Ist National Toral Quality Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 225-228.

The old testament is TQC as described by Feigenbaum but rarely practiced.
The new testament is TQC reformulated with a change in basic philosophy.
It is primarily a way to manage, but it is no longer the responsibility of a
quality specialist or organization. Its fundamental tenant is continuous
process improvement, beyond requirements, and satisfying your internal
and external customers.

This new direction results in significant changes in the activities of all
employees and organizations including Quality Assurance. Most
significantly it adds quality objectives for the entire organization.

Collier, Joe C. Jr., Central Main Power Co., "Customer Satisfaction--Total Quality Will be
the Focus for the 1990's," Transmission and Distribution, January 1990, pp. 18-19.

- Electric utilities are facing a rapidly changing environment. In order to
survive, a program of total quality control (TQC) is advised. TQC is a
systematic approach to identifying opportunities, solving problems, and
making improvements. This process aims at constant improvement and
occasional breakthroughs or innovations. The key to TQC is to first
determine the customer's valid needs and then to mobilize the entire
company to help meet those needs. This results in customer satisfaction.
TQC is based on four principles: (1) Focus on the customers; (2)
Management by fact; (3) Constant improvement: and (4) Respect for people.
The three separate, yet very related, parts of TQC are: (1) Quality
improvement teams; (2) Quality in daily work; and (3) Policy deployment.
Management should be organized as a lean team that relies on cross
fentilization of ideas for setting goais and establishing procedures.

Costello, T.A., General Motors Corp., "A Process for Concept Development,” ICED ‘89
Proceedings, Harrogate, UK, August 1989, pp. 35-37.

The integration of state of the art design practices into a comprehensive
design process called the Concept Development Process has yielded
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significant improvements in product competitiveness within AC Rochester
Division of General Motors.

Costello, Dr. Robert, The Under Secretary of Defense for Acquisition, Implementation of
TOM in DoD Acquisition, Memorandum, 19 August 1988.

Costello, Dr. Robert, The Under Secretary of Defense for Acquisition, TQM in Acquisition
and the Transition from Development to Production, Memorandum with change to DoD
4245.7-M, 12 January 1989.

Costello, Dr. Robert, The Under Secretary of Defense for Acquisition, /mplementation of
Total Quality Management in DoD Acquisition. Memorandum for Secretaries of the Military
Departments, Assistant Secretary of Defense (P&L.), and Directors of Defense Agencies,19
August 1988.

Attachment 1: Definition
Attachment 2: Preparatory Activities and Suggested Readings

Currie, Malcolm. Hughes Aircruft Company, "The Qualny Challenge is Simple: Everv Day
We Have to be Better Than We Were Yesterday,” Proceedings of the GOALIQPC 6th
Annual Conference, Boston, MA, 4-6 December 1989.

Danna, Peter and Michael Herrington, Olin Corporation, "Total Quality \1anaoem°m An
Action Project Approach,” AIAAIADPAINSIA st National Total Quality Mcnagement
Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November 1989,
pp. §9-97.

Olin has implemented a quality improvement process called TQM. The
TQM process begins with top management. In the Chemicals Group, The
Quality Steering Team is the Group President's Senior Management Staff,
and is chaired by the Group President. Each year, an Annual Quality Pian
is developed which includes Quality Action Projects. These Projects are
specific actions which will help to achieve the Olin Vision: to be universally
recognized as a preferred and innovative supplier of quality products and
services, and to have each individual meet the agreed upon expectations of
internal and extemal customers all the time.

Defense Logistics Agency, “Ask One Simple Question of the Customer,” TQM Quarierly,
Volume 1, Number 1, Fall 1989.

The Deming Library, Volume II: The 14 Points, Discussion Guide, Expert Knowledge
Systemns. Inc., McLean, VA, for the Management Improvement Collzborative, 1987.

Department of Defense (DoD), TQA Master Plan, August 1988.

Department of Defense (DoD), "TQM Maragement Guide, Volume I, Key Features of the
DoD Implementation,” DoD 5000.51-G, Final Draft, 2 February 1990.

Department of Defense (DoD), TQM Management Guide, Volume Il. A Guide 1o
Implementation, DoD 5000.51-G, Final Draft, 15 February 1990.

Department of Defense (DoD), Total Quality Maragement. An Education and Trair:ing

~ Strategy for TOQM in the Depariment of Defense, Office of the Assistant Secretary of

Defense (P&L) TQM/IPQ, Washington, DC, July 1989.

Department of Defense (MoD), Total Quality Management Pamphlet with Carlucci's Memo,
Department of Defense Posture on Quality, Washington, D.C., 30 March 1988,
TQM is a Do initiative for continuously improving its performance at
every level, in every area of DoD responsibility. Improvement is directed at
satisfying such broad goals as cost, quality, schedule, and mission need and
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suitability. TQM combines fundamental management techniques. exis.."3
improvement efforts, and specialized technical skills under a v ocous,
disciplined structure fccused on continuously improving all DoD prcsses
It demands commitment and discipline. It relies on people :nd inrv.lves

everyone.

Department of Defense (DoD) Directive (Draft), TQM, 16 June 1989.

Department of Defense (DoD) News Release, DoD Implements ~QMY, Oifice of / s3istan’.
Secretary of Defense (Public Affairs), No. 418-88, 18 August 1988.

Department of Defense, Office of the Assistant Secretary of Defense, Fredu.don aud
Logistics, TQM Fact Sheet, 26 February 1990.

Dimitroff, Gail R., General Dynamics Space Systems Division, 7. Quality
Management and Defense,” AIAA/ADPAINSIA st National Total Quaii:y *danagement
Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November 1989, pp.73-
78.

This paper presents the current status of the TQM movement within the DoD
and the defense industry and demonstrates implementation strategies as well
as impediments to those approaches. There is an emphasis on strategies that
span government and industry.

The core of TQM is viewed as a customer-driven strategy for continual
improvement, which can also accommodate and integrate innovation. While
problems in the past have been addressed in terms of conflict resolution, the
new philosophy requires the creation of an environment conscnant with
cross-functional/cross-institutional problem solving--a major culiural
change. The essay also explains the important role TQM will play in
enabling defense contractors to compete. The documented history of those
companies with existing TQM strategies indicates the tremendous
competitive opporiunity TQM offers. A brief . ‘ew of the ramifications is
included.

Duffy, Carolyn, "TQM Efforts Mean Survival at ITT Defense: J. Edwards Deming.”
Washington Techrology, Supplement, 27 November 1989, anticle.

I"amas, Roland A.. Consultant, San Mateo, CA, "Join Forces for Total Quality Control.”
fruality, May 1989, pp. 24-27.

Many managers and executives see quality systems as techniques to be
incorporated into their traditional portfolio of management tools. Quality
professionals see such systems as an essential viewpoint in the development
of competitive businesses. The experience of thosc involved suggests that
new technologie; and new systems are the relatively easy parn; getting
people to use them is the problem. There needs to be a balance and a
plcnned synergy between new technical systems and the social
environments in which they function. To be fully integrated into the way a
company operates, a company-wide quality system must be generally
accepted as a worthy replacement for the existing, comfortable and well-
known way of conducting business. A quality program requires che
thoughtful, experienced, and structured guidance of leadership familiar with
the process of organizational change.

Elkins, Steve, "Florida Power and Light Participation Svstems.” Viewgraphs. Proceedirgs
of the GOAL'QPC 6th Annual Conference, Boston, MA, 4-6 December 1989,
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Fargher, John S.W., Jr., The Dynamics of TQM: Fertile Areas of Research, Naval
Aviation Depot, Cherry Point, NC.

Led by the Department of the Navy and civilian industry experience, ihe
Secretary of Defense issued a memorandum on 50 March 1988 emphasizing
the TQM effort as the vehicle for attaining continuous quality improvement
in our operations, and as a major strategy to meet the President's
productivity objectives. Attached to this memo was a DoD Posture
Statement on Quality, emphasizing a cultural change to require continuous
improvement; emphasizing quality and productivity improvement; changing
the concept of quality from inspection to designing and building quality into
the process; requiring commitment to quality becoming a part of every
organization and its personnel; and assigning responsibility to all managers
and other personne] to assume responsibility for the quality of their efforts.
Earlier, the Department of the Navy bcgan implementation of TQM at
several of their field activities. The Naval Aviation Depot, Cherry Point,
was recognized as one of the more successful productivity and quality
implementations as recognized by selection by QMB as a Quality
Improvement Prototype in the President's Productivity Improvement
Program, winning the Institute of Industrial Engineer's Award for
Excellence in Productivity Improvement, being the first to implement
Productivity Gain Sharing (PGS) organization-wide, and the first to receive
the Secretary of Defense Award for Excellence in Implementation of TQM.

The purpose of this paper is to (1) present the evolution of the TQM
philosophy from statistical process control through artisan participation to
manzgement participation, and (2) develop strategies and detail the current
model for TQM as fully developed at the DoD's leading edge organization,
the Naval Aviation Depot, Cherry Point, North Carolina. Areas requiring
further research are also identified.

Feigenbaum, Armand V., General Systems Company, "How to Implement Total Quality
Control,” Executive Excellence, November 1989, pp. 15-16.

One of the most significant trends in recent marketplace history is the
doubling of buyer emphasis on quality. Research indicates that 8 out of 10
customers in 1988 made quality equal to or more important than price in
their purchase decisions. Ten years ago, only three 1o four customers in ten
made this choice. Implementation of a quality control system requires
understanding of the basic benchmarks of total quality management: (1)
Quality is a systemic process; (2) The quality structure should support both
individual and team effort; (3) Quality is defined by the customer; (4)
Quality is an ethic; and (5) Quality improvement is continuous. The
integrated three-phase approach used in implementing a quality control
system requires: (1) A.alysis; (2) Planning and programming; and (3)
Construction and implementation. Investment in quality programs produces
higher sales and improvement in quality costs.

Fici, James A., Westinghouse Electric Corporation, "Performance Leadership Through

Total Quality,” Proceedings of ihe GOAL/QPC 6th Annual Conference, Boston, MA, 4-6
December 1989.
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Ficken, Todd E., Martin Marietta Astronautics Group, Inc., "Inputs to Trade Studie< and
Total Quality Management," AJAA/ADPA/NSIA Ist National Total Quality Management
Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November 1989,
pp. 242-245.

The success of U.S. mdustncs has been exemplary, but in order to carry
that image of greatness into the upcoming century, our ways of domg
business need to change. One area to address with this change is the
methods implemented ir performing trade studies for the purpose of product
deveiopment. In order to achieve a quality product, methods for performing
multi-parameter trade studies need to be developed . In addition, the issue
of how to integrate the numerous inputs pertinent for multi-parameter trade
studies while maintaining the credibility of the trade study results needs to
be addressed.

Fickler, Stuart 1., Systems Research Laboratories, Inc., "The Language of TQM.,"
AIAA/ADPAINSIA 15t National Total Quality Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 246-255.

Most references on TQM refer to the need to establish a Culture of Quality.
A culture essentially rests on the underlying messages that are exchanged
and accepted by the cultural membership. From this perspective, the
successful establishment of TQM within an organization may be viewed as a
problem in neurolinguistic communication. This paper addresses these
neurolinguistic issues as they impact on cross-cultural and intracultural
issues. The former examines the translation of the successful application of
TQM by the Japanese to an American environment. It specifically addresses
those issues in which a direct translation of Japanese methods could fail in
an American cultural environment. It also examines TQM in an
environment of Japanese management and American labor. With regard to
the intracultural issues, it examines the appropriate messages that must be
presented at various corporate levels in order to ernsure effective
dissemination of a Culture of Quality. Through this process, it reveals the
common linchpin that permits the translaton of TQM into a successful tool
for American management. Specific communication strategies are
suggested.

Fitzgerald, R.L., Techmatics, Inc., "Implementation of a Total Quality Management
Program in Private Industry,” AIAA/ADPAINSIA st National Total Quality Management
Symposium, A Collection of Technical Papcrs, Denver, CO, 1-3 November 19%9,
pp. 256-265.

Requirements for successful TQM implementation:

¢ The success of a TQM prcgram depends upon the demonstrated
commitment of the highest level of management. This commitment
must be shared by everyone who participates in the program.

+  TQM implementation must be thoroughly planned and prepared for.
=« TQM must be measurable.

+ Employees must be given defined, quantified and measurable
specifications, which are based on customer requirements, in order to
correctly perform their jobs.

* Most employees want to do their jobs well. Management must provide
them with the proper knowledge and tools, must be willing to listen to
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and act upon their ideas and suggestions, and must provide
acknowledgement and recognition.

The success of a TQM program will depend upon the amount of effort that
evervone involved is willing to put forth. Implementation and continued
participation are hard work, but the results can truly be outstanding.

Flint, Steven J., "The Malcolm Buldrige National Quality Award: A Strategy for World-
Class Performance,” Reliability Analvsis Center (RAC) Newsletter, DoD Information
Analysis Center operated by IIT Research Institute, Rome, NY, April 1990.

Foran, Michael, Assistant to the Commander for Quality, AGMC/QP, Newark AFB, OH,
"An Early Application of Total Quulity Management Within the Air Force Logistics
Command,” Reliability Analvsis Center (RAC) Newsletter, DoD Information Analysis
Center operated by IIT Research Institute, Rome, NY, June 1989.

Fortuna, Ronald M., "Beyvond Quality: Taking SPC Upstream,” Qualiry Progress, June
1985, pp. 23-28.

Fuller, Tim, "Achieving the Corporate Vision Through Policy Deployment-Comerstone of
TQM.” Proccedings of the GOALIQPC 6th Annual Conference, Boston, MA, 4-6
December 1959,

Gartman. Col. Jerald B., USMC, and John S§.W. Fargher, Jr., Naval Aviation Depot,
Cherry Point, NC, "Managing the TQM Cultural Change,” ATAA/JADPA/IN3IA st
National Total Qualiry Management Symposium, A Collection of Technical Papers,
Denver, CO, 1-3 MNovember 1989, pp. i42-147.

Continuous quality and productivity improvement, strategic planning
objectives, enfranchising the artisan to manage his own work, rewards as
incentives, and ultimately changing the corporate culture, although requiring
the leadership of top management, requires implementation at the lower
leve ~ of management. ‘T'he ability of these managers to transition to new
styic~ of participative miunugement and their commitment and support for
chanze must be considered and incorporated into the chunze process. The
employee involvement process smust include these managers. Organizations
must better equip first-line and mid-level managers to function successfully
in their new roles. Middle management must learn to cope with increased
spans of control, use new technology such as CIMS, und rely upon a
participative management style for solutions. These first-line and mid-level
managers are in a position to grasp the production of a particular product or
service, a perspective that is often lost by upper-level managers as they are
concerned with the business environment. In the day-to-day decisions
made by the first-line and mid-level managers, they are often in the best
position to make the chanyes necessary to alter the processes and eventually
the culture,

Gartner. William B. (Gcorfzctown University) and M. James Naughton (Expert-
Knowledge Systems, Inc., "The Deming Theory of Management,” The Academy of
Management Review, Volume 13. Number 1, January 1988, pp. 138-142.

General Motors Corporation, Hivhilights of Total Quality Managemant Philosophies and
Applicationy, Second Edition, 1990,

Total Quality Management (TQM) is a term without a universally accepted
definition. For our purpcses, we have defined TQM as a system which is
concemned with management approaches to improvement of all products and
Services, processes and systems. Further, these approaches must support
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the consistent management of these things after improvement has been
made.

It has been written that "If Total Quality Management is to be successful, it
must be seen as a long term strategy which brings about fundamental
changes in organizations, their values, cultures, structures, policies,
processes, practices and procedures. The strategy for change is
multidimensional, the process is incremental, and the goal is continuous
improvement."

This booklet provides highlights of TQM approaches. The success
elements described herein are essential ingredients for the development of a
TQM process and are offered as a consensus view of leading quality
proponents and practitioners. Specifically, successful processes are those
that create and maintain an organizational culture which promotes and
practices continual improvement of quality.

In preparing this overview, the approach has been to consider lessons
learned from both philosopher and practitioner and to provide a brief review
of the key points contained in various quality management systems.

Geoffrey, Steven, Ford Motor Company, "Continuous Improvement,” Proceedings of the
GOAL/IQPC 6th Annual Conference, Boston, MA, 4-6 December 1989.

Gilks, John F., A.T. Kearney, Management Consultants in Toronto, "Total Quality: Wave
of the Future,” Canadian Business Review, Spring 1990, pp. 17-20.

Although its full impact is not yet being felt, total quality (TQ) has become
essential to success in some manufacturing-intensive industries. Ford
Motor Co. of Canada Ltd. has changed conventional thinking in every area
of manufacturing, engineering, and design. As a result, Ford has stabilized
its position in the automobile market and restored profitability. The
experiences of other manufacturing-based industries have been similar.
Research findings conclude that, in any business, there are several basic
types of business processes, each demanding a different emphasis in the
way TQ is applied. The waves of TQ are: (1) Engineered quality, which is
applied to the product itself; (2) Repetitive service quality, which
concentrates on the service delivery; and (3) The application of TQ
principles that have a unique output, such as advertising development,
consulting studies, and legal briefs. At this stage, the existence of a fourth
wave of TQ is pure speculaiion. It ought to be possible to apply TQ to
decision processes surrounding strategic asset deployment.

GOAL/QPC, The Memory Jogger, a Pocket Guide of Tools for Continuous Improvement,
Second Edition, Methuen, MA, 1988.

Gold, Lois, Hewlett-Packard, "Implementing Hoshin and Daily Management in an Area
Sales Module," Viewgraphs, Proceedings of the GOAL/QPC 6th Annual Conference,
Boston, MA, 4-6 December 19§9.

Hoshin is the business planning process utilized by all the Areas in the
Eastern Sales Region of Hewlett-Packard The case study looks at an
organization which has implemented the Hoshin planning process in its
Sales, Support, and Administrative Organizations. The presentation
focuses on the elements and how it was implemented, specifically in the
New York Area--problems encountered and successes.

Among other things, the discussion looks at problems encountered in
applying the theoretical Hoshin process to a matrix organization (multiple
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reporting relationships). It will look at some practical approaches to making
these concepts usable by all levels of the organization--where to
compromise on the theory and mechanics, where to hold firm.

The final part of the presentation discusses daily management--the
management of your key processes. This was the missing piece of the
puzzle in order to successfully implement Hoshin breakthroughs.

Goldschmied, Fabio R. and Nicholas V. Petrou, "Total Quality Management Within
Mutltilevel Multigoal Hierarchical Systems: A Conceptual Introduction,”
AIAA/ADPA/INSIA 1st National Total Quality Management Symposium, A Collection of
Technical Pupers, Denver, CO, 1-3 November 1989, pp. 266-280.

Total quality management, coniprising engineering, design, manufacturing
and maintenance, emphasizes organizational siructure while viewing the
participants as motivated goal-seeking units and it recognizes explicitly that
the organization always comprises interconnections of subsystems, with
both multiple levels and multiple goals.

Hierarchical structures provide better quality management, adapt faster to
environmental changes, and similarly prevent the ready propagation
throughout the system of a catastrophic unit failure. With the ultimate
objective of designing adaptive organizational structures which would be
optimal for total quality management and thus for survival in the swiftly
changing world with finite resources, it appears that the rapid development
of the theory of multilevel multigoal hierarchical systems offers the best
hope today. Such theory must cut across the current classical, behavioral
and systems-oriented approaches, i.e., it must comprise valid elements from
all three.

The problem is to define quality for engineering, design, manufacturing and
maintenance in terms of the language of each organizational level and to set
quality goals for each level.

The theory is well adapted to the study of large social and political
organizations where the higher unit may know the optimal solution yet it
cannot impose its execution; rather it has to establish the relationship
between the lower units so that they themselves arrive at such optimal
solution. This is the key problem of total quality management within a
complex organization.

Grunenwald, William J., ADM Consultants, Inc., "Implementation: The Real Total Quality
Challenge,” Proceedings of the IEEE 1989 Nationul Aerospace and Electronics
Conference, NAECON 1989, Volume 4, pp. 1471-1474.

Seven steps to total-quality implementation are listed and discussed. These
are: (1) Establish a full-time advocate; (2) Develop a formal plan; (3) Be
consistent; (4) Provide the resources; (5) Select improverent areas
carefully; (6) Consider outside help; and (7) Be patient.

Gunter, Bert, "The Use and Abuse of Cpx, Part 4," Statistics Corner, Quality Progress,
July 1989, page 86.

Hamson, Ned, Fred Jenny, and Michael Elliott, Unisys Defense Systems, "Total Quality
Commitment . . . Unisys Defense Systems," Journal for Quality and Participation,
December 1989, pp. 6-15.

Unisys Defense Systems' executives decided that making a commitment to
quality was the only way to do business in a highly competitive and ever-
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changing defense and world marketplace. This commitment is being met
through the organization's strategic defense plan, which embodies total
quality management principles and involves management in all business
processes. Ethics training for employees emphasizes the tie in between
quality and ethics. Quality objectives are being put in the performance plans
of everyone, and Unisys management is making sure that employees
understand that meeting those objectives is a condition of employment at
Unisys. At the same time, outstanding performance is being recognized and
rewarded. This quality commitment is process-oriented, in that it attempts
to achieve a mindset for a continual process improvement. Another
characteristic of this program is that it is top-down driven. The customer
benefits, the company benefits, and the employees benefit. This quality
commitment effort is truly a win-win opportunity for everyone at Unisys.

Harmer, Chet, Hewlett Packard, "Service TQM." Viewgraphs, Proceedings of the
GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1989,

Harmon, L. Kenneth Jr., Virginia Productivity Center, "Total Quality and the Management
of Performance Improvement,” SAM Advanced Management Journal, Autumn 1988,
pp. 4-12.

A major breakthrough in the 2volution of professional management may be
underway, in response to the need for performance improvement. A new
management discipline will likely emerge that is a self-enhancing process
for the participative management of continuous improvements in total
business performance. To compete, survive, and prosper in the future, an
organization will have to excel in the continuous improvement of its total
business performance, which includes quality, productivity, and quality of
working life. All organizations will perceive themselves as having
customers, revenue, operating costs, and the opportunity to both excel in
customer service and generate a financial surplus. The following phases of
management activity comprise employee efforts in this approach: (1)
Identification of performance problems and opportunities; (2) Planning for
the implementation of operational changes; (3) Implementing the desired

- changes; (4) Monitoring effort and results; and (5) Reinforcing contributors
at both the individual and team or group level.

Harrington, H. James, A Guidcline 10 Improvement, Harrington, Hurd and Rieker, Los
Gatos, CA, pp. 120-127.

This paper provides an outline of a proven, effective improvement process.
This improvement process is the result of a detailed study the author
conducted of the improvement activities in over 60 U.S. companies. If
implemented properly, the improvement process is an effective way of
bringing about positive changes in a company.

Harrington, Steve, "Process Management: A TQM Approach for Middle Managers,”
ATAA/IADPAINSIA Ist National Total Quality Management Symposium, A Collection of
Technica! Papers, Denver, CO, 1-3 November 1989, pp. 127-135.

Harrington, Hugh J. and Jack B. Revelle, Hughes Aircraft Company, "Hughes Aircraft
Manages Total Quality Control in a DoD Environment,” Industrial Engineering, December
1989, pp. 16-21.

The Department of Defense (DoD) has an obligation to both taxpayers and
U.S. military service personnel to provide affordable and high-quality
products. The DoD does this by exercising control over defense contractors
from a product's conception to its production. At Hughes Aircraft
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Company, one of the top ten contractors in terms of DoD awards, two
programs have been employed for several decades: the Cost Improvement
Program (CIP) and the Performance Improvement Program (PIP). These
programs have several basic guidelines for implementation: (1) The desire to
learn from experienc= in order to achieve quality; (2) The encouragement of
a participative management for effective problem solving and decision
making; and (3) The establishment of organizational goals through which
quality can be attained. As a result of their efforts, Hughes intends to
produce the highest quality products in the industry. '

Harris, Marilyn and Christa L. Walck, "Managing a Megasystem Transformation in the
Ford Motor Company: A Retrospective Retrieval of the Progress of Cultural Change,"
Consultation, Volume 7, Number 2, Summer 1988, pp. 67-85.

Teams of external and internal change consultants have guided an eight-year
cultural change effort which has had a powerful impact on the way the Ford
Motor Company now runs its business. A description is offered of the
means by which the efforts of a few professionals were leveraged to
provide consulting to a very large and complex global organization, a
megasystem in change. The desired outcomes were brought about through
managing a transformational cycle of learning that led to empowerment and
diffusion--a cycle in which the organization moved from one that was
intervening through "training for simplicity” to one that is "educating for
complexity” and developing its employees for the complex realties of today
and the future. '

Harvey, David, "TQM--A Revolution Spurned,” Manufacturing Processes, December
1989.

Harry, Mikel J., "The Nature of Six Sigma Quality,” Motorola, Inc., Government
Electronics Group.

This booklet highlights the six sigma product quality concept and its
relationships to Motoroia's position in the marketplace. ’

The discussion zeros in on the concept of six sigma, which advocates that
there are strong relationships between product nonconformities or defects
and product yield, reliability, cycle time, inventory, schedule, and so on.
As the number of defects found during manufacture increases, the number
of sigmas decreases. In other words, the larger the sigma value, the better
the product quality--and vice versa. Although the ultimate aspiration is zero
defects, the threshold of excellence is six sigma quality.

Interestingly, six sigma quality is estimated assuming typical shifts and
drifts in the average. In this sense, 99.99966 percent capability at the part
and process step levels is an intermediate target ioward the ideal of
perfection. This may be illustrated by considering a product that contains
300 rarts and the related manufacturing process that ccnsists of say, 500
individual steps. A six sigma capability at the pait and process step levels
would ensure a final rolled throughput yield of 99.72 percent. This would
be to say, out of every 10,000 units of product manufactured, there would
be 9973 units that would be produced completelv free of nonconformities.
Of course, this example assumes that each part and process step possesses
only one opportunity for nonconformance, that all parts and steps are
independent, and that nonconformities are randomly distributed.

The notion of variation is presented as the numbe: one enemy of quality,
yields, and costs. It must be arrested and ultimately eliminated in order to
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achieve best in class. By attacking variation during the design phase, within
suppliers’ processes, and within our own processes, six sigma product
quality can be achieved. In doing sv, the foundation of excellence is laid.

The discussion also focuses on a more statistically based understanding of
the six sigma program. It describes the arithmetic mean (i), standard
deviation o and practical uses of the normal distribution. In particular, the
rationale for making quality and yield estimates under the assumption of a
1.5 o shift in the mean is emphasized. Based on the statistical perspective,
the product and process engineering viewpoints are brought into focus by
means of analytical examples. Through the discussion and examples,
insights are developed as to the objectives of the six sigma program:
enhanced product quality, yield, and cost--all of which, in tumn, improve
customer satisfaction.

Hill, J. Douglas, Member IEEE and John N. Warfield, Senior Member IEEE, "Unified
Program Planning,” IEEE Transactions on Systems, Man, and Cybernetics, Volume SMC-
2, Number 5, November 1972, pp. 610-621.

Program planning begins with problem definition and ends with planaing
for action. The key products that result from the problem definition, value
system design, and system synthesis steps are discussed and interrelated
through the use of interaction matrices. Particular emphasis is given to
defining objectives and to defining a set of measures on the objectives by
which to determine their attainment. Interaction matrices relate objectives
measures to objectives and link activities and measures of their
accomplishment to the attainment of objectives. A major consequence of
program planning is the choice of a program to pursue, and identificaton of
the projects that will be carried out as a part of a selected program,
Selecting the set of projects is discussed in terms of consistency with
corporate or agency policy, and the economics, risk, and potential benefits
associated with each project. A criterion function that incorporates the latter
three factors is described and proposed as a practical way of evaluating the
relative merits of projects.

Hillkirk, John, "Top Quality is Behind Comeback, USA Today, 28 March 1989.

Holpp, Lawrence, Development Dimensions International, "Ten Reasons Why Total
Qualitv s Less Than Total,” Training, October 1989, pp. 93-103.

ihe concept of total quality improvement (TQI) demands that an
organization be redesigned to keep it responsive to customers' needs as the
product goes from one department to another. Some of the problems
commonly encountered in a TQI effort include: (1) Unrealistic vision
statements; (2) Performance objectives that have been turned into limited,
quantifiable goals; (3) Executives who use the quality issue to gain personal
power; (4) Work teams and supervisors who are passed by in the
momentum of quality impro-rement; (5) Nonstatistical thinking; (6) New-
program burnout; (7) Inadequate training; (8) People driven apart by some
failure of support, training, or clear goals; (9) An inactive role by senior
management in the TQI effort; and (10) Resistance to change.

House Republican Research Committee, Task Force on High Technology and

Competitiveness, Quality as a Means to Improving our Nation’s Competitiveness, 12 July
1988.
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Housten, A. and S.L. Dockstader, "A Total Quality Management Process Improvement
Model," Navy Personnel Research and Development Center, NPRDC TR 89-3, December
1988.

The use of TQM principles and the Plan-Do-Check-Act cycle in Navy
industrial organizations requires the adoptio:: of managerial practices and
responsibilities that managers have little, if any, experience in applying.

This report has been written to serve as a bridge between theory and
practice. Specifically this report has three objectives: (1) to define the steps
of the process improvement model by describing specific activities
associated with each step; (2) to describe roles and responsibilities of
managers and others in relation to the model; and (3) to give a brief
overview of basic statistical process control methods.

Huang, Maria and John D. Kotlanger, FMC Corporation, "Barriers to Performance
Measurement Within the White Collar Environment,” AIAA’/ADPA/NSIA 1st National
Total Quality Management Symposium, A Collection of Technical Papers, Denver, CO,
1-3 November 1989, pp. 185-191.

Organizations implementing process performance measurement within the
white collar workforce can significantly improve their chances for success
by focusing their attention in four areas:

1. Stressing that measurement is the tool of the employee for controlling
their process rather than a management tool for reporting or appraising
individual performance.

2. Recognizing that implementation of performance measures will occur at
different rates based on the complexity of the organizational issues
encountered.

3. Recognizing that products and subproducts contracted for by the
Department of Defense must be clearly understood and integrated into
the total program process to be value-adding.

4. Organizational reward systems must be adjusted to reward team
performance rather than individual performance.

Hubka, V., ETH, Zurich, Switzerland, "Design for Quality," Proceedings of the
International Conference on Engineering Design, ICED ‘89, pp. 1321-1333,

The term "quality” is discussed. Factors that influence the quality of a
product during the design process are derived from the general model of the
design process. These factors are explained in more detail. Design quality
is contrasted 1o the concerns of ISO 9000 series, which relate more to
production and management.

Huthwaite, Bart, "Design for TQM," Institute for Competitive Design (ICD), Rochester,
M1, June/July 1989,

Huthwaite, Bart, "Design for TQM, Alphabet Soup,” Institute for Competitive Design
{ICD), Rochester, M1

Johnson, Capt. Bruce A., Office of Special Assistant for R&M, SAF/AQ and DCS/L&ER,
"Findings from R&M 2000 Variability Reduction Process Trip to Japan (10-14 October
1988)," DoD Letter, dated 18 November 1988.

Johnson, Cynthia Reedy, Colorado Division of Youth Services, "An OQutline for Team
Building,"” Training, January 1986, pp. 48-52.
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Kammert, Sandra L., Martin Marietta Manned Space Systems, "Maintainability: A Critical
Link in TQM." ATAA/ADPA/NSIA 1st National Total Quality Management Symposium, A
Collection of Technical Papers, Denver, CO, 1-3 November 1989, pp. 148-151.

Maintainability has received recent notoriety in SRM&QA, but still is often
the last engineering aspect of a design included, and the first deleted, during
a program. This is unfortunate since maintainability is the area of lifetime
product support having the greatest potential for substantal cost savirgs in
terms of manpower, supply support, and technical documentation. The
quality of maintainability must be emphasized as is the quality of the design.
TQM, as an initiative for performance and product improvement,
incorporates the principles and tools of Concurrent Engineering. This is an
emphasis long awaited by those working to produce a high quality as well
as an easily maintained product.

The one overall conclusion relative to the area of maintainability in relation
to TQM is that there is a critical link. While each situation--be it commercial
or governmental in nature--is unique, the common thread of ease and
economy of maintenance must not be overlooked or ignored. No one has
unlimited resources for support. The designers must optimize the final
product so the users can get what they have paid for--a product that works
when it should, and is easy to maintain when it fails.

Kano, Noriaki, Science University of Tokyo, "TQC Master Plan,” Proceedings of the
GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1989,

Kano, Noriaki, Science University of Tokvo, "TQC in Japan and the U.S.," Proceedings
of the GOAL/IQPC 6th Annual Conference, Boston, MA, 4-6 December 1989.

Kano, Noriaki, Science University of Tokyo, "Overview, QC Circles in Japan,”
Proceedings of the GOAL/IQPC 6th Annual Conference, Boston, MA, 4-6 December 1989.

King, Robert, "Listening to the Voice of the Customer: Using the Quality Function
Deployment System," Focus/Quality Management, National Productivity Review, Summer
1987, pp. 277-281.

In many of the cases reported, the use of quality deployment has cut in half
the problems at the beginning (design) stages, shortened development time
from one-half to one-third, all the while assuring users' satisfaction and
increasing sales. However, if it is applied incorrectly, it could increase
work without producing any good.

King, Bob, GOAL/QPC, "Visuals From Models for Developing a TQM Master Plan for
Your Company/Organization,” Viewgraphs, Proceedings of the GOALIQPC 6th Annual
Conference, Boston, MA, 4-6 December 1989.

Krakov, William, Total Quality Management, Viewgraphs, 1988.

Leach, Kenneth E., Glove Metallurgical Inc., "The Evolution of Quality at Globe
Metallurgical," Proceedings of the GOAL/QPC 6th Annual Conference, MA, 4-6 December
1989.

Locander, William B., The University of Tennessee, Knoxville, "Brokering Marketing into
Total Quality,” Survey of Business, Summer 1989, pp. 31-35.

In the future, companies working under world-class quality and
productivity standards will have to include the marketing function as the
firm's eyes and ears to the marketplace. The establishment of a customer
empathy perspective is critical to being a market-driven company.
Measurement is an important part of a quality management system.
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Systems indicators, such as dollar sales, are global measures of how the
system is operating. Some suggestions to help managers understand
consumer needs are: (1) Managers must establish a posture of studying the
market on a periodic basis; (2) Managers should not only rely on field
studies, but should deal with customers themselves; and (3) Managers
should go to the distribution channel and tap the staff's years of experience
with the customer. Balancing trade and consumer needs with the capability
of production and logistics function is essential to customer-driven
management.

Maddaloni, Angelo and Wally Cervantez, Bridgestone, USA, Inc., "Bridgestone/Firestone
Participation Systems,” Viewgraphs, Proceedings of the GOAL/QPC 6th Annual
Conference, Boston, MA, 4-6 December 1989,

Maxon, Capt. Bruce E., SC, USN, CEO’s Role in Achieving Productivity Through
Quality.

Mansir, Brian E. and Nicholas R. Schacht, An Introduction to the Continuous
Improvement Process: Principles and Practices, Logistics Management Institute, Bethesda,
MD, July 1989.

The Continuous Improvement Process (CIP) is a means by which an
organization creates and sustains a culture of continuous improvement. The
organization deliberately seeks to create a positive and dynamic working
environment, foster teamwork, apply quantitative methods and analytical
techniques, and tap the creativity and ingenuity of all its people. Collective
effort is focused to better understand and meet internal and external
customer needs and to continuously increase customer satisfaction.
Employing CIP in an organization can substantially improve the quality of
its services or products, increase productivity, and reduce costs across a
broad spectrum of systems, products, and services.

A few of the major companies that now use and proclaim their commitment
to CIP-related management technologies are Phillips, Ford, Xerox, IBM,
Hewlett-Packard, Toyota, Honda, Boeing, Chrysler, and Texas
Instruments. In the public sector, DoD has instituted a continuous
improvement initiative called Total Quality Management. These and other
organizations that are committed to a continuous improvement philosophy
report substantial improvement in quality, productivity, throughput, and
employee morale, with significant reductions in cost, errors, leadtimes,
v/aste, and customer complaints. The consensus among CIP-oriented
companies is that these technclogies are the key to their long-term
competitiveness and survival,

McArthur, Daniel and David Carr, Coopers and Lybrand, "Implementing TQM and JIT ina
Manufacturing Environment," ATAA/ADPA/NSIA Ist National Total Quality Management
Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November 1989,
pp. 175-180.

TQM can and should be used in conjunction with other improvement
programs. At aiarge manufacturing facility, TQM was used as the quality
component of a Just-in-Time (JIT) cycle time management system. TQM
was also introduced to non-production staff and to vendors, resulting in
efficiencies und subsequent reduction cost of quality. Use of a single
quality method throughout an organization avoids confusion and increases
the power of all other productivity and efficiency improvement programs.
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McMakin, Grover, USAA Insurance, "USAA's Mission and How it is Supported by a
Quality Management Program,” Proceedings of the GOALIQPC 6th Annual Conference,
Boston, MA, 4-6 December 1989.

Mendelssohn, Alan S, Joseph C. Ferrel (Florida Power and Light Co.), and Robert E.

Bartz, Qualtec, Inc., "Simplified Project Management, The Key to a Quality Project.”

Project Management Institute, Seminar/Symposium, San Francisco, CA, 17-21 September
" 1988, pp. 655-661.

Simplified Project Management is the concept of satisfying all the customers
on the project, both internal to the project team, as weli as external to it.
This philosophy of customer satisfaction uses an approach that is both
simple and basic. It is simple in that it does not involve any complex
theories or implementation processes. It only requires the identification of
the project’s customers, what their needs are, and how those needs can be
satisfied. Itis basic in that it uses the same organizational structure, people
and tools that are currently on the project and combines them with some
additional tools and approaches to achieve the goal of a totally successful
project.

Meyland. Dr. Robert F., Martin Marietta Electronic Systems, "Total Quality Management
(TQM) Key Concepts and Implementation Methodology for Defense and Aerospace
Industries,” AJIAA/JADPAINSIA Ist National Total Quality Management Symposium, A
Collection of Technical Papers, Denver, CO, 1-3 November 1989, pp. 322-326.

The responsibility for TQM is assigned equally to the Mission-Area Vice l
President/Program Directors and to the Functional Vice President/Directors

reporting to the President. The President’s staff comprises the Quality »
Steering Committee which provides guidance and TQM policy for '
continually improving the quality of company products. TQM requires

involvement by all employees at all levels of the organization. TQM is an

integral part of every functional activity in the organization including the

formation of continuous process improvement teams made up of personnel I
who normally work in these areas. In addition to improvement teams

identified as Performance Management Teams (PMTs), concurrent

engineering tasks/team activities evolve during development to assure all '
product "ilities" (e.g., producibility, reliability, supportability,

maintainability) are iniegrated into the product design. Statistical process

control techniques and automation have been integrated into the production

process, together with supplier TQM to increase product/process l
robustness. Various media/awards have been established to communicate

and recognize individual improvement accomplishments. [a addition, a

reward program (e.g., Ideas Count) has been established to share I
improvement savings with the idea originator. These actions will ultimately

lead to attainment of a customer certified-producer status for quality

products. l

Miller, Lawrence M., The Miller Consulting Group, "Creating... TQM." Proceedings of the
GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1989,

Mishne, Patricia P., Associate Editor, "A New Attitude Toward Quality,” Manufacturing
Engineering, October 1988, pp. 50-53.

Managing for quality means nothing less than a sweeping overhaul in
corporate culture and a radical shift in management philosophy.
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Mogiiensky, Judah, Contel Federal Systems, “Applying TQM to Software Deveiopment:
Process Enhancemen: Program,” A/AA/ADPA/NSIA Ist National Total Qualiry
Management Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November
1989, pp. 98-104.

Contel Federal systems has initiated the Process Enhancement Program
(PEP) as a vehicle for applying the concepts and principles of TQM to
sottware development. The PEP encompasses four Task Areas. The
Policies, Procedures, and Standards area works owards the development of
formal, written guidance for the development process. The Tools and
Environment area works towards the development of an Integrated
Programming Support Environment (IPSE). The Education and Training
area provides for the training of individual developers in the use of the
Procedures, the IPSE, and the languages and methodologies underlying
them. The Measurement and Estimation area includes the collection of
process metrics, both to permit measurement of productivity and quality
progress, and to provide direction for the continuous improvement of the
development process. Joint, integrated progress in all of these areas is seen
as the key to success. Contel has already begun to apply PEP products and
approaches to a Government contract software development program, the
BIDDS Management Subsystem. Initial indications are that these
approaches can be effectiveiy applied to real projects.

Morooka, Koji, Tokai University, "Hospital Service Quality and Productivity,”
Proceedings of the GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1985.

Motley, William T., Total Qualirv Management, Office of the Director for Industrial
Productivity and Quality, OASD (P&L) TQM, February 1989.

The purpose and scope of this paper are:
¢ Qutline the basic principles of Total Quality Management
*  Summarize the requirement for the successful implementation of TQM.

Murphy, Donald H.K., Hughes Aircraft Company, "Company Wide Strategic Planning
Using the 7-M Tools,” Proceedings of the GOALIQPC 6th Annual Conference, Boston,
MA, 4-6 December 1989.

Murphy, Donald H.K., Hughes Aircraft Company, "Continuous Improvement,”
Proceedings of the GOALIQPC 6th Annual Conference, Boston, MA, Viewgraphs, 4-6
December 1989.

Muse, Karen and Mark Finster, University of Wisconsin, "Suggestion Systems,”
Proceedings of the GOAL/QPC 6th Annual Conference, Boston, MA, 4-6 December 1989.

Quality and productivity improvement has been a topic of endless
discussion in the business world in recent years. Japanese industry now
sets the standards by which the rest of the industrialized world judges itself.
Indeed, other nations often find themselves falling far short of Japanese
standards of exceilence, and look for quick and easy answers to address
their shortcomings. The Japanese in the postwar years have taken many
quality concepts which originated in the west, and improved and
implemented them.

One such quality concept which originated was employee suggestion
systems or pians. The Japanese have taken this concept and expanded it far
beyond its humble beginnings in the suggestion box. Most large Japanese
firms and about half of the small and medium sized firms have employee
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suggestion systems. There are an estimated $.000 employece suggestion
plans in firms in the U.S., but few compare in scale, nor depth, to typical
Japanese systems.

This paper is organized fuirly simply. First is a discussion of the evolution
and process of suggestion systems in the U.S., with mention of focus,
problems, and trends. A similar section follows describing Japan. Finally,
a comparison is drawn of some of the kev features of the systerns of the two
countries, and how or if suggestion systems complement other quality
programs, with specific company examples. A plan of action for improving
suggestion systems summarizes the ideas presented.

National Institute of Standards and Technology. “1990 Application Guidelines,” Malcolm
Baldrige National Quality Award. Gaithersburg, MD.

National Center for Manufacturing Sciences, "It's Time to Reexamine the Importance of
Quality,” FOCUS Newslerter, Volume 3, No. 4, April 1990.

NAVAIR Viewgraphs, Concurrent Engineering Task Force Meeting, 25 Sepiember 1989,

Navy Muanufacturing Technology Program Report, Building Quality Into the Process,
November 1988.

Newhouse, R.W., General Dvnamics, "What Can We Do After We've Done It
ANY"AIAAIADPAINSIA Ist National Total Quality Management Symposium, A
Collection of Technical Papers, Denv-=, CO. 1-3 November 1989, pp. 123-125.

Noble, Cheryvl and Kevin O'Donneli “lorida Power and Light Company, "Building a
Quality Improvement Programm at Florida Power and Light,” Proceedings of the
GOAL/QPC 6th Annual Confercnce, Boston, MA, 4-6 December 1989,

One of the great things about quality is that vou don't have to sell it to your
customers. All you have to do is produce it; the rest takes care of itself.

Norausky. Patrick H., Aerojet Ordnance Downey, "TQM: A System Success Story,"”
AIAA/ADPA NSIA Ist National Total Quality Management Symposium, A Collection of
Technical Pupers, Denver, CO, 1-3 November 1989, pp. 152-157.

Customer satisfaction and continuous improvement form the basis of the
Department of Defense TQM initiative. This initiative recognizes that a
thrust is needed to better inculcate the quality process throughout a
company. It requires the difficult task of changing the culture of notonly a
company, but also suppliers used by a company.

An excellent example of a TQM system success story is found at Aerojet
Ordnance. As a defense contractor, Aerojet Ordnance, an operating unit of
GenCorp Aerojet, is engaged in the design, development and production of
munition systems, ammunition and heavy metal products. Five years ago,
Aerojet Ordnance realized that a change in the quality approach that had
already resulted in an excellent quality record would b2 r2cessary to remain
competitive, be profitable, and to grow. A quality system called Big "Q"
was devised. It turns out that this system mirrors the spirit and content of
DoD's TQM iniriative. In fact, regardless of what the system is called, it
represents the vision, principles, and structure of a total quality approach
that must be realized, regardless of the DoD initiative, in order for any
business operation to be competitive, profitable and to grow. The U.S.
Army Armament, Munitions and Chemical Command recognized this
outstanding TQM system by honoring Aerojet Ordnance with certification
under the Contractor Performance Centification Program (CP).
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This paper examines Aerojet Ordnance’s TQM system involving (1) process
of initiation, (2) cultural change within Aerojet Ordnance and its suppliers,
(3) sustaining approach, (4) operational tools (i.e., Statistical Process
Control (SPC), Quality Function Deployment (QFD), and Taguchi), and (5)
results. Recommendations are covered relative to lessons learned.

Osborne, Guy A., Universal Foods Corporation, "Quality the Universal Way."
Viewgraphs, Proceedings of the GOAL/QPC 6th Annual Conference, Boston, MA, 4-6
December 1989.

Parker, John, Martin Marietta Astronautics Group, "Peacekeeper IFSS - A TQM Success
Story,” AIAA/ADPAINSIA Ist National Total Quality Management Symposium, A
Collection of Technical Papers, Denver, CO, 1-3 November 1989, pp. 158-166.

This paper is written by the project director of a $1200 million hardware
production contract. It is a case study that describes how the contract that
he manages went from a projected $19 million overrun to a $33 million
underrun. It shows, with examples from the project history, how quality,
cost and schedule performance were improved through the implementation
of a Total Quality Management program. The paper discusses how high-
performance teams were formed at each level of the organization as a vehicle
for empowerment and how this increased employee involvement is the
foundation for continuously improved performance. It is shown that as
performance improverment initiatives reach fruition in an empowered
environment they provide leverage for even greater accomplishments.

"The Payoff From Teamwork," Business Week, 10 July 1989, pp. 56-62.

"Pentagon's TQM Chief: 'Not my >J_ob’ to Enforce Quality," Aerospace Daily, 25 May
1990, p. 329.

Phillips, Ronald T., "An Approach to Software Causal Analysis and Defect Extinction,”
GLOBECOM '86: IEEE Global Telecommunications Conference Proceedings, pp. 412-
416, 1986.

This paper briefly reviews the history of quality circles and discusses the
experience of an implementation of a qual’ty improvement team or quality
circle in the software product development environment at IBM Corporation
and its use of the causal analysis concept. The implemented team concept
could apply to software in general as well as to communications software.
The concept of the software quality team and its implemented organization is
described in detail. Responsibilities of team members and management are
also discussed.

The quality team allows for the extinction of errors as well as better methods
of detection and prevention through causal analysis (1-2-3 process). The
process of team operation and the process of defect prevention and
extinction as implemented by the team is integrated within the software
development process. The evolution of this implementation is reviewed
from the point of view of how the quality team implementation integrates
and addresses the requirement of up-to-date process documentation, the
requirement for new defect prevention tools, and the requirement of process
changes to prevent defects.

Highlighted in the paper are data experience and how causal analysis
contributes advances in the form of several new tool implementations and

TQM-21




process examples that can contribute significantly to continued quality
improvement.

Piscatella, Michael J., Textron Lycoming Stratford Division, "Total Quality Management
and The Transitioning Company: The Perfect Fit," AIAA/ADPA/NSIA 1st National Total
Quality Management Symposium, A Collection of Technical Papers, Denver, CO, 1-3
November 1989, pp. 136-141.

Textron Lycoming has set a course to bring the goodness of past successes
and the new initiatives of the future under the Total Quality Management
umbrella. This paper will discuss the path that Textron Lycoming is taking
to achieve a culture of continuous improvement. If you can measure an
element, it can be improved upon. The objective is to get 6,500 participants
aware of the elements, the customer viewpoint, and the measurement
process. The philosophy of continuous improvement has become part of
the culture.

Pratt, Robert N., Textron Defense Systems, "Total Quality Management and the Big "Q"
Program at Textron Defense Svstems,” AIAA/ADPA/NSIA Ist National Total Qualiry
Management Symposium, A Collection of Technical Papers, Denver, CO, 1-3 November
1989, pp. 266-280.

Total Quality Management is a disciplined structure focused on continuously
improving all the processes within an organization It combines fundamental
management techniques and tools, and provides the means for measuring
progress, implementing improvements, and assessing performance. The
goal of Total Quality Management is to improve the quality of products and
services while achieving reductions in the cost of operating a business. The
objective of Total Quality Management is to enlarge the concept of quality,
focusing on the total system earlier in the process, starting with the
customer requirements. Unde: the Total Quality Management strategy, a
new cultural change from nonconformance correction to nonconformance
prevention; from quality inspected into products to quality designed and
fabricated into the process and hardware; from emphasis on cost and
schedule to emphasis on quality cost and schedule.

Total Quality Management applies to everyone and builds and sustains a
culture committed to continuous improvement. Total Quality Management
methodologies provides a systematic road map for accomplishing specitic
tasks such as design of experiments, statistical process control and many
other key tools and techniques. Total Quality Management is an organized
management philosophy requiring extensive time, skill and resources. The
results of TQM can, therefore, only begin to be measured over the long run.

Ponce de Leon, Ralph, Motorola, "The Integration of TQM and Motorola's Six Sigma
Initiatives,” presented at the Conference on Concurrent Engineering: A Practictioner's Look
at Industry and Government Initiatives, spcnsored by the Society of Manufacturing
Engineerings, Washington, DC Chapter and the Concurrent Engineering Research Center,
3 October 1990.

"The Push for Quality,” Special Report, Business Week, June 8, 1987, pp. 130-144.

The President’s Productivity Improvement Program, Office of Management and Budget,
"Quality Improvement Prototype,” Naval Aviation Depot, Chermry Point, North Carolina,
Department of the Navy.

Rhea, John, "Total Quality Management: Myths and Realities,” National Defense, January
1990, page 25; Current News Special Edition No. 1838, March 1990, page 24.
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Ropelewski, Robert R., "Wave of Quality Initiatives Sweeps Over DoD, Industry.” Armed
Forces Journal International, January 1990, page 54; Current News Special Edition No.
1838, March 1990, page 9.

Sansom, R.E., TRW, "The Changing Role of Quality Assurance Under TQM,"”
AIAA/ADPAINSIA 1st National Total Quality Maragement Symposium, A Collection of
Technical Papers, Denver, CQ, 1-3 November 1989, pp. 121-122.

Dr. Edwards Deming's third point in his fourteen point set of TQM
principles states:

"Cease dependence on inspection to achieve quality. Eliminate the need for
inspection on a mass basis by building quality into the product in the first
place.”

No doubt many of us have expressed a similar sentiment--build in quality
the first time. 1f we actually do manage to imbue our developers with this

© practice, to the point it is truly institutionalized, what could be the role of the
classical "QA" folks? I believe that we must rethink how we go about
typical QA activities in the broad context of aiming to deliver quality
products. We must take into into consideration things like MIL-Q-9858A
and explore alternative means to assure to our government customers that
indeed those products meet the quality standards we embrace.

Scholtes, Peter and Heero Hacquebord, A Practical Approach to Quality, Joiner
Associates, Inc., Madison, WI, 1987.

When W. Edwards Deming describes an organization committed to quality,
we get a compelling picture of what we should strive for and how we ought
to be. But there are precious few instructions on how to begin such a
transformation. This paper is an effort to fill some of that gap. What we
propose here is a practical approach to becoming a quality organization. We
call it practical because it is based on what we believe are some pragmatic
realities of everyday business life: that charge is very difficult; the resistance
to change is frequently strong and persistent; that no matter how much a
company might want to transform itself to some new order, it must continue
doing business, and for the time being, do so in the way it knows best.
Transformation, therefore, involves a sort of adolescence: a period of
inelegance when we shift from one way of being to a new way of being.
We also call these approaches practical because they work. Contained here
are things we have learned from decades of helping many and diverse
organizations grow and improve.

Selby, Vernon. B., Space Launch Systems Co., "Total Quality Management (TQM),"”
ATAA/ADPAINSIA Ist National Total Qualiry Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 373-378.

TQM is total customer satisfaction, it is total commitment and involvement
of all members of the organization. TQM must start at the womb (initial
concept stage), and involve all phases and activities as well as most
important, all people, to the tomb (final product, process or cutput).

Quality of the process must be first and foremost at all of the various stages.
‘Concurrent engineering must be developed and implemented to assure
design and manufacturing producibility are considered simultaneously,
which will ensure the satisfactory end result. Activities must be controlled
by quality. Everyone must have quality instilled in their way of performing
assigned tasks. Quality cannot be the last phase but, quality must be an
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integral part of all processes. Every person must receive training in the
quality way.

Each person must seek and accept self-improvement in all phases of their
work life. W. Edward Deming's theory for management must be achieved:
create a constancy of purpose toward improving product and service; cease
dependence on inspection to achieve quality; and, above all, improve
constantly and forever the system of production and service to improve
productivity and reduce cost. TQM can help us achieve the status of WCM,
World Class Manufacturer, without which we will not be competitive in the
aerospace arena.

Shoji, Mikio, Kajima Corporation, Japan, "Without Muda, Muri, Mura,” Mechanical
Engineering, January 1988, page 41.

Shoop, Tom, "Can Quality be Total?," Government Executive, March 1990, page 20,
Current News Special Edition No. 1838, March 1990, page 17.

Sinioris, Marie, Rush-Presbyterian-St. Luke's Medical Center, “Total Quality
Management,” Viewgraphs, Proceedings of the GOALIQPC 6th Annual Conference,
Boston, MA, 4-6 December 1989.

Smith, D.G., Loughborough University of Technology, UK, "User Needs and Conceptual
Thoroughness - the Genesis of Ne'v Products,” JCED ‘89 Proceedings, Harrogate, UK,
August 1989,

Todays highly compeutive product environment kas given rise to increased
emphasis on creative techniques for the generation of new concepts.
Experience has clearly shown that conceptual synthesis in a controlled
manner must be preceded by an understanding of buyer and user needs and
perceptions. These needs and perceptions encompassed in the product
design specification, require conceptual exploitation to the full.

An approach to the generation of solutions incorporating team working is
outlined.

If companies are to maintain leading positions in traditional products and
also develop new areas, the creative potential of design teams must be
developed to the full. The approach given, commencing with the
identification of real needs, has been proven effective for a wide range of
products and provides a method to assist in meeting the challenge of todays
highly compettive product markets.

Smith, Bruce A., "Total Quality Management Will Require Procurement Changes,
Perseverance,” Aviation Week and Space Technology, December 1989, pp. 59-60.

The U.S. Department of Defense has heen pushing the case for TQM with
contractors. Management experts say that TQM concepts essentially
remained on the shelf for many years because the U.S. economy was not
challenged by offshore barrages until the 1970s. Implementation of TQM
principles requires a dramatic change in the way that a business is run. The
changes, which are permanent and pervasive, cut through traditional
organizational structures and require long-term commitment from
management. While quality measures can be applied in different ways, a
common denominator is attitude--the attitude of each employee to
continuously improve the product or service. Everyone in the organization
becomes a problem solver above personal advancement, turf wars,
authoritarian control, and short-term profit. With TQM as a permanent
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fixture, the continuous small iniprovements that are basic to the philosopty
will add up to solid and significant achievement.

Strickland, Jack and Peter Angiola, "Total Quality Management in the Department of
Defense,” 1989 ASQC Qualiry Congress Transactions, Toronto, pp. 806-810.

This paper explores some of the causes that have contributed to the current
status of our economy, the stigma of poor quality associated with weapon
systems, the adversanal relationship between Government and Industry and
the general attitude of mistrust between management and labor. The paper
aidresses the new DoD approach to quality and offers a persuasive
argument to the defense industry for joining in this revolution.

Strickland, Jack, "TQM, Linking Together People and Processes for Mission Excellence,”
Army Research, Development and Acquisition Bulletin, May-June 1989, pp. 9-12.

Strickland, Jack C., Directo: for Industrial Productivity and Quality, Office of the Assistant
Secretary of Defense (P&L), "Key Ingredients to TQM," March/April, pp. 17-21.

Implementation strategy for this effort aims at achieving one broad,
unending objective: continuous improvement of products and services
across the breadth of the department's activities.

Strickland, Jack, "Total Quality Management, F-14 Program,” Viewgraphs, September
1988.

Stuelpnagel, Thomas R., "Total Quality Management in Business--and Academia,”
Business Forum, Fall 1988/Winter 1989, pp. 4-9.

TQM is an improved management process that originated in the U.S. and
was perfected in Japan. In a large measure, industry and government are
making the change directly with the assistance of private and government
training organizations. Universities should become aware of the revolution
that is occurring in the TQM field, develop TQM master plans, and work
toward developing study and curricula in support of TQM. This is achieved
with a system designed to keep the customer continuously in the product
cycle. Additional features of TQM include: (1) Using statistical methods to
control both management and product processes; and (2) Making all
processes in the mapagement, product, and service chain subject to
coutinuous improvement. TQM provides the opportunity for all employees
within the organization to participate as team members, to help, to be heard,
to be rewarded, and to excel.

Thomas, Robert W., Rome Air Development Center, "Total Quality Management-A
Buzzword or Plan,” ISHM ‘89 Proceedings, Baltimore, MD, pp. 55-58.

The U.S., faced with serious budget deficits in the 1980s, must now
answer a major question for the 1990s--How to provide an adequate
defense system that is both affordable and works when needed. The
definition of adequate will be left to the technical strategists and the
politicians. Developing an affordable defense system in which we have
used advanced electronics to give us a parity with traditionally larger
opposition forces has a great deal to do with the way we procure our
electronic components. We now, for the first time in history, spend more
maintaining field systems than we do in developing new systems. The
reasons for this simple fact are complex and require individual analysis.
One factor which is paramount in determining both the initial cost of the
system and the cost to maintain the systems is quality of the electronic
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components which go into the system and how the quality of the
components was achieved.

Tribus, Myron, American Quality and Productivity Institute, Hayward, CA, "Deming's
Way,"” Mechanical Engineering, January 1988, pp. 26-30.

The Japanese revere the man who taught them that higher quality means
lower cost. But in his own country, W. Edwards Deming has found few
who will listen.

Volkema, R.J., George Washington University, "Problem Formulation in Planning and
Design: What We Know and What We'd Like to Know," Planning and Design in
Management of Business and Organizations, /987 International Congress on Planning and
Decision Theory, Boston, MA, 17-20 August 1987, pp. 91-95.

This paper summarizes what we know (or think we know) about problem
formulation in planning and design, and raises questions for future
consideraton.

Wagner, General Louis C., Jr., USA, Commanding, Headquarters, U.S. Army Materiel
Command "Army Materiel Command Posture on Total Quality Management (TQM),"
Memorandum for ‘Secretary of the Army and the Chief of Staff, Army, 28 “November 1988,

Wagner, General Louis C., Jr., USA, "The Commander’'s Perspective,” U.S. Army
Materiel Command, January 1988.

Westinghouse Electronic Systems Group, ILSD Engineering 1990 Total Quality Plan and
Training Materials, 11 April 1990.

Westinghouse Electronic Systems Group, ILSD, "Training Classes Heighten Total Quality
Awareness,” 2-page article.

Westinghouse Electronic Systems Group, 11.SD, Brassboard Newsletter on Total Quality,
Issue No. 60, May 1990, David H. Napolillo, Editor, Hunt Valley, MD.

Westinghouse Electronic Systems Group, Total Quality Guide, March 1990.

White, Bruce, Ford Motor Ccmpany, Canada, "How Quality Became Job #1 at Ford,"
Canadian Business Review, Spring 1990, pp. 24-27.

Ford Motor Company of Canada, Lt.. adopted a policy of total quality (TQ)
management that focused on enhancing product quality, increasing product
innovation, and reducing costs in order to enhance its competitiveness. The
implementation of TQ management included: establishing a statement of
mission, values, and guiding principles; empowering group decision-
making; and increasing employee training. The company's parent, Ford
Motor Company, has identified a number of challenges for the 1990s,
including producing the highest quality trucks and cars worldwide,
becoming efficient on an international basis, and changing its corporate
culture.

Whittaker, Barrie, AMP, Canada, "Increasing Market Share Through Marketing
Excellence,” Canadian Business Review, Spring 1950, pp. 35-37.

AMP of Canada, Ltd., developed the Quality Improvement Process (QIP) to
improve customer satisfacticn by eahancing the quality of its marketing
organization. The implementation of QIP was based on developing a
marketing quality improvement team that solicited customer feedback,
identified major customer requirements, and created new measurement
systems. Under QIP, AMP's marketing and selling functions were
integrated, new customer-driven selling techniques were implemented, and
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the marketing skills of employees were developed through new training
programs. Quality is maintained by setting performance standards for all
the jobs in the marketing organization.

Wilkinson, Harry E., University Affiliates, Inc. and James E. Spates, Action Counsel,
Inc., "Why Don't More Companies Implement TQM -- SUCCESSFULLY!?,"
AIAA/ADPAINSIA Ist National Total Quality Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 419-424.

A well-planned and implemented TQM program can achieve short,
intermediate, and long-term maximum success when the cultural
transformation process is well handled by top management and external
facilitators.

« This includes addressing those factors which may lead to resistance, as
well as those elements contributing to success.

» Tt requires significant involvement of the organization's top management
as well as subordinate managers and employees in the identification of
opportunities for cultural and subcultural transfermations contributing to
TQM program effectiveness.

» It requires their continued involvement in the planning and
implementation of an integrated set of interventions in small increments
over as long a period as is logistically reasonable that will still show
steady TQM progress.

» Itrequires a never ending set of reinforcing activities.

« It requires top management investment in a significant career
development program as part of the TQM program. (This also signals
positive top manzgement support to people throughout the
organization.)

In this way, the organization preserves the strengths derived from
individualism, competitiveness, and specialization while at the same time
transforming the culture to emphasize cooperation, trust, a customer
orientation, and a growing sense of comradeship as well. Thus, long term
TQM success requires a high level effort to manage cultural
transformations.

JOURNALS/NEWSLETTERS
DoD, TOM Message.

DoD Quality and Productivity Month-January 1990, January/February
1990.

High Level DoD Support Shown for TQM, September 1989.
USD(A) on TQM, November 1989.

GOAL/QPC, Competitive Times.
Spring 1988

"Management by Planning”
"Sustaining Membership”
"Roundtable Meetings”
"Conference Update”
"Keynote Speakers”

TQM-27

[,




"Course Calendar Update”
"Book Reviews"
"Proceedings of the Proceedings of the GOAL/QPC Open House”

Number 2, 1990

"Westinghouse's Total Quality Program”

"Designing a Total Quality Training Program”

"TQM Q&A"

"TQM Automation Corner”

"Research Committee News”

"Roundtable Meetings”

"GOAL/GPC's 1990 Seventh Annual Conference Update”

Total Quality Management, Volume 1, Number 1, 1990, Edited by Gopal K. Kanji:

Gopal K. Kanji, "Total Quality Management: The Second Industrial Revolution”

David Cook, "Total Quality Management--Fine Taik or Real Improvement?”

Yoshio Kondo, "Emphasis of Japanese Total Quality Management in the 1980s"

Henry R. Neave, "Deming '88, Part 1: Win-Win, Joy in Work, and Innovation”

D. Bertram, "The Future for Quality in Europe”

A.F. David, "The Customer/Supplier Relationship--the Nissan Way"

Ronald E. Blank, "Gaining Acceptance: The Effective Presentation of New Ideas”

N. Logothetis, "Managing the Component-Tolerances”

Paul Goodstadt, "Quality Service--The Corporate Holy Grail of the 1950s"

J.M. Asher, "Quantifying Quality in Service Industries”

A.F. Bissell, "Multi-Positional Process Evaluation: An Example and Some General
Guidelines”

George Box and Stephen Jones, "An Investigation of the Method of Accumulation
Analysis”

J.J. Dahlgaard, Gopal K. Kanji and K. Kristensen, "A Comparative Study of
Quality Control Methods and Principles in Japan, Korea, and Denmark”

B. Sarkar, "Status of Quality control in Indian Industries--A Survey”

A.F. Bissell, "SPC in 'Non-Product' Applications"”

Janit E. Buccella, "Auditing--A New View"

CONFERENCE PROCEEDINGS

ATAA/ADPA/NSIA Ist National Total Quality Management Symposium, A Collection of
Technical Papers, Deaver, CO, 1-3 November 1989.

GOAL/QPC 6th Annual Conference, Boston, MA., 4-6 December 1989.
ICED'89 Proceedings, Harrogate, UK, August 1989.

REPORTS

Statisticully Based Management, The ITT Research Institute Approach to Qualiry and
Productivity Improvement, A Management Cultural Change Using Statistical Process
Control, lIT Research Institute, Rome, NY.

U.S. Congress, OTA, Making Things Better: Competing in Manufacturing, OTA-ITE-443,
Washington, DC: U.S. Government Printing Office, February 1990.

TQM-28



BOOKS

Crosby, Philip B., Quality is Free, The Art of Making Quality Certain, McGraw-Hill Book
Company, NY, 1979.

Eureka, William E. and Nancy E. Ryan, The Customer-Driven Company, Manageria!
Perspectives on QFD, ASI Press, Dearborn, MI, 1988.

Feigenbaum. A.V., Total Quality Control, McGraw-Hill Book Company, NY, 1983,

Goldratt, Eliyahu and Jeff Cox, The Goal, A Process of Ongoing Improvement, North
River Press, Inc., Revised Edition, 1986.

Harrington, H.J., The Improvement Process, How America’s Leading Companies
Improve Quality, Quality Press. Milwaukee, WI, McGraw-Hill Book Company, NY,
1987.

Imai, Masaaki, Kaizen, The Kcv to Japan's Competitive Success, Random House
Business Division, NY, 1986.

Juran, J.M., Managerial Breakthrough, A New Concept of the Manager's Job, McGraw-
Hill Book Company, 1964.

Scherkenbach, William W., The¢ Deming Route to Quality and Productivity, Road Maps
and Roadhlocks, CEEP Press Books, George Washington University, Washington, DC,
1088.

Schonberger, Richard J., Japanese Manufacturing Techniques, Nine Hidden Lessons in
Simplicity, The Free press. a Division of Macmilian Publishing Ca., Inc., NY, 1982,

Townsend, Patrick L. with Joan E. Gebhardt, Commit 10 (.ulity, A Wiley Press Book,
John Wiley and Sons, Inc., NY, 1986.

TQM-29




CONCURRENT ENGINEERING



CONCURRENT ENGINEERING

S/ EN N
Air Force Aeronautical Systems Division (ASD) White Papers:
Matrix Product/Process Staff, Organization Review, 1990.
Technology Transition, 25 January 1990
Formulation of Integrated Product Teams, 1990
Information Integration Technologies, 25 January 1990

Guidelines for Creating and Managing an Integrated Product Development Process,
16 January 1990

Business Requirements and Management Issues, 16 January 1990

Alptekin, Sema, J. Kenneth Blundell, Winston Erevelles, Y.S. Dhanju, and K.M.
Ragsdell, University of Missouri-Rolla, Final Report on DFA/IDFM Project for McDonnell
Douglas, No. 90DPCO001, Draft, 6 February 1990.
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By integrating automatic test equipment into the design process at the
protofype stage, you can maximize design-team effectiveness and
simultaneously minimize product-introduction cycle times.

Bancroft, Carol E., IBM Corporation, "Design for Manufacturability: Half Speed Ahead,”
Manufacturing Engineering, September 1988,

DFM techniques should be better defined to optimize the design of a product
for its method of manufacture.

Berger, Joan, Otis Port, Mimi Bluestone, William Hampton, Zachary Schiller, and Karen

Pennar, "The Push for Quality,” Business Week, Special Report, June 8, 1987, pp. 131-
144,

To beat imports, the U.S. must improve its products. This means a whole
new approach to manufacturing.

Bogard, Timothy V., Texas Instruments, "Integrating Systems Producibility into the
Design Process,” Proceedings of the Second International Conference on Product Design
Sfor Manufacture and Assembly, Newport, RI, 6-8 April 1687.

The task of integrating systems producibility concepts into any corporate
environment is a complex challenge. It requires:

¢ Anunderstanding of what producibility truly is

¢ A change in the engineering and management culture to provide a
progressive environment for producibility concepts

- Development of detailed procedures, guidelines and new design
methodologies
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- Strategic planning to imbed producibility concepts into the next
generation of design automation systems

- Feedback to the design/producibility/manufacturing commanity
(measurement, ranking of yield, etc.)

Most of all, however, it requires commitment from all levels in the
organization in a teamwork environment and the persistence to design it
right the first ime to ultimately succeed.

Box, George and Soren Bisgaard, University of Wisconsin-Madison, "Statistical Tools for
Improving Designs," Mechanical Engineering, January 1988, pp. 32-40.

Statistically controlled experiments serve as a catalyst to design. These
methods help engineers to build good quality into products, which should
reduce the need to inspect bad quality out of them.

Bradley, Paul J., Martin Marietta, "Short-Term Benefits of Concurrent Eagineering,”
AIAA/ADPAINSIA 1st National Total Quality Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 41-45.

The bottom line for many companies and many managers is how quickly
they get a return on their investment. When applying concurmrent
engineering techniques, one may need to wait a long time, for as one report
pointed out, "Significant cultural and management changes underlie the
successful implemertation of concurrent engineering. As a consequence,
considerable time (2-4 years) is often needed before benefits are realized
from concurrent engineering.”

However, while waiting to realize the long-term benefits, the manager can
realize many short-term benefits frorn concurrent engineering.

Better Communication. Concurrent er.gineering provides an environment
conducive to information exchange.

Higher Visibility. Items being worked by a team receive higner visibility
because team members are constantly and consistently comminicating
information through the organization.

Enthusiastic Participation. The group dynamics generated by a ccncurrent
engineering effort overflow into people and organizations not directly part
of a team.

More Alternatives Considered. Multi-disciplined, energetic teams create
more ideas than conventional methods.

Better Focus of Energies. Concurrent engineering lends itself to finding the
best solution, the first time through. Ulumately, the energies of the
company are focused on the right way sooner.

Other short term benefits may certainly exist. However, any healthy ream,
using concurrent engineering, will at least realize these five benefits.

Branan, Bill, Motorola, Inc., "Instilling a Design for Assembly Culture,” Proceedings nf
the Third International Conference on Product Design for Marufacture and Assembly,
Newport, RI, 6-8 June 1988.

The average product design group has little incentive, motivation, or
training to design a product for efficient factory assembly. Assembly
processes are poorly characterized and represent a large source of defects.
This paper describes a successful cultural change toward predicting and

CE-2

= e 5 G B B0 R A BE B B YN S GE e am E
.




optimizing product designs for factory assembly. It introduces the
benchmarking concept for similar products and illustrates some key
concepts--including the application of Boothroyd and Dewhurst methods--
required for success. A specific product cxample is presented showing
results of that effort.

Design for assembly is more a philosophy than a strict number crunching
exercise. The advantage of providing a quantitative method for analyzing
designs for assembly provides an ability to really evaluate different
approaches in an objective manner. Perhaps the most important advantage
is that in developing a total design concept to the point where it can be
analyzed for assembly makes the product designers and manufacturing
engineers really think through the total product.

In the implementation of a DFA culture it is important to pick a project
which can be successful and leverage those results into other projects
through benchmarking of product and production variables. Some of the
issues and variables believed to be important are shown. The technical
press abounds with success stories which can be used to help change the
culture. Successful culture change requires changing behavior which
requires motivation and training.

Brenneman, Allen and Robert Cunningham, Miles Labs, "Simultaneous Engineering of
Medical Diagnostic Systems,” Proceedings of the Third International Conference on
Product Design for Manufacture and Assembly, Newport, RI, 6-8 June 1988.

The development of Medical Diagnostic instruments require the
simultaneous design and manufacturing engineering not only of the
electromechanical components of the system (i.e., the instrument) but also
the simultaneous development of the chemistries and instrument since the
end product we produce is a diagnostic system that returns a clinically
significant result to the user.

This paper deals with the experience we have had in developing diagnostic
systems and how we are integrating the entire development process from the
chemistries to the instrument. Key to this process is the team concept that
includes R&D Engineering, Advanced Manufacturing Engineering,
Marketing, QA, Reagent R&D, Reagent Manufacturing, Material Control
Purchasing, Customer Service and at times vendors. In addition it covers
the implementation of Design for Manufacture and Assembly into our
Diagnostic product cycle.

Brown, Warren, "GM's Saturn Corporation Steers New Course,” The Washington Post.
Business Section, 28 August 1988.

Saturn's decision to put less whizbang technology in its plants indicates
flexibility and maturity. Roboticized manufacturing palaces in Michigan and
elsewhere showed GM that new machines do not alwayq produce desirable
results.

GM's experience at New United Motor Manufacturing, Inc. in Fremont,
California, where it is procucing cars with Toyota Motor Corporation,

- showed that better management of people and better supplier relationships

tend to yield better-quality cars.

Saturn, as a result, has shifted its emphasis from machines to people in
carrying out its main stated mission: "to design and manufacture vehicles in
the U.S. that are world leaders in quality, cost, and customer satisfaction.”
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Burke, Gerald and Jamie Carlson, Ford Motor Company, "DFA at Ford Motor Company,”
Proceedings of the Fourth Annual Conference on Product Design for Manufacture and
Assembly, Newport, Rl, June 1989.

CALS/Concurrent Engineering Survival Kit, published in conjunction with The 2nd
Annual User/Industry Conference on Computer-Aided Acquisition and Logistic Support
CALS/CE, "Winning Business with CALS Phase II/Concurrent Engineering,”
Washington, DC, 24-25 September 1990.

Special Report on Data Protection and Integrity Issues for CALS
Information Systems

Comprehensive CALS/CE Contact List
CALS Bulletin Board Information
List of CALS Acronyns
Canan, James W., Senior Editor, "Producibility,” Air Force Maga:ine, October 1986.

Without top-tc- bottom improvements in manufacturing technology, defense
factories of the future will not be able to produce the required systems at
affordable prices.

Carter, Donald E., "Concurrent Engineering: The Design Environment for the '90s,”
Mentor Graphics Corporation, Beaverton, Oregon.

Chang, Kang J. and Larry Lichten, California State University, "Tightly Coupling Rule-
Based Process Planning with Computer-Aided Design, Proceedings of The Second
National Symposium on Concurrent Engineering, Morgantown, WV, 7-9 February 1990.

Process planning plays a key role in factory automation by integrating CAD
with manufacturing functions. By identifying manufacturing processes
during design, manufacturability and cost analyses may be performed early
in a product’s life cycle, thereby increasing productivity. Toward this end,
we describe a methodology for rule-based automated process planning for
machined parts, which can

- link directly with computer-generated geometric modes

- assist designers in overcoming their lack of manufacturing
krowledge

- generate sufficient information for process planning

- provide information to other manufacturing activities, such as
numerical control, scheduling, tooling, and fixture design.

Christakis, Alexander N., High Techknology Participative Design: The Space-Based Laser,
Center for Interactive Management, George Mason University, Fairfax, VA.

The arena of high-technology design is inherently complex. It requires a
variety of inpuis from diverse knowledge disciplines and fields. When a
group of experts engages in system design, new problems emerge for the
designer(s) of having to cooperate with other designers. Yet, without the
simultaneous participation of other designers, the "Law of Requisite
Variety" will be violated. Each participant designer is expected to leam to
cooperate with other designers and to appreciate the pluralities of realities
relevant to the object of design. Yet each designer is physiologically and/or
psychologically constrained by the "Law of Requisite Parsimony.” These
two fundamental laws of design are superficially incompatible or
contradictory to each other. For the efficient conduct of participative

CE-4




e o

design, the two laws must be reconciled. The paper discusses how the
application of the Interactive Management (IM) approach reconciles this
contradiction. A specific application of IM to the conceptual design of a
space-based laser system is presented.

Clausing, Don, Massachusetts Institute of Technology, "Taguchi Methods to Improve the
Development Process,” 1988 IEEE, pp. 826-832.

Product development in the U.S. needs to be faster, with the resulting
products higher in quality and lower in cost, to be internationally
competitive. Dr. Taguchi has developed powerful combinations of
engineering, statistics, economics, and information theory that greatly
improve product development. Product parameter design optimizes the
nominal values of design parameters to keep performance near complete
customer satisfaction despite variances of parts and environment. Tolerance
design selects the basic precision level that minimizes total cost. Process
parameter design optimizes process parameters to maximize the intrinsic
stability of production. On-line QC periodically checks and adjusts
production to maintain operating precision that minimizes total cost.

Clausing, Don P., Xerox Corporation, "Product Development Process," 1985 IEEE, pp.
896-900.

The 10-step generic product development process is described, with
empbhasis on activities to achieve competitive position. Special attention is
given to actions that can strongly improve common U.S. practice.
Although most engineers are doing product development, the complete
process receives little systematic study. Stronger emphasis on the complete
product development process offers many opportunities for improvements.

Clausing, Don P., Xerox Corporation, "Quality Development for Minimum Total Cost,”
General Interest, Session C.

Production processes, such as electroforming, produce variations ‘n the
parts. Variations represent loss of quality and financial loss. Dr. Taguchi's
methods, widely used in Japan, evaluate quality loss, develop stable
processes, and provide best quality control during production. Dr.
Taguchi's methods leads to high quality and low manufacturing cost.

Collins, James J., "Manage Technical Programs for Success," Production Engineering,
April 1987, pp. 32-34. '

This article presents a step by step procedure for the successful management
of highly complex technical programs. The procedure stresses using a
disciplined team approach and a goal-oriented focus, while keeping an eye
on costs.

Concurrent Engineering Research Center (CERC), DARPA Initiative in Concurrent
Engineering (DICE), Factsheet, Mc rgantown, WV, February 1990.

Cortes-Comerer, Nhora, "Motto for Specialists: Give Some, Get Some," IEEE Spectrum,
Part II1, Organizing the Design Team, pp. 41-46, May 1987.

Parallel development of products and their manufacturing processes, within
ever shorter lead times, is a formidable challenge for both designers and
management. This article discusses how teams of diverse disciplines work
in harmony to bring successful products to market.
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Costello, Dr. Robert, The Under Secretary of Defense for Acquisition, Concurrent
Engineering - A Total Quality Management Process, Memorandum for Secretaries of the
Military Departments, Attention: Service Acquisition Executives, 9 March 1989.

Craig, Mark, "Managing Variation by Design Using Simulation Methods," Proceedings of
the Third International Conference on Product Design for Manufacture and Assembly,
Newport, RI, 6-8 June 1988.

In today's market, the product design engineering teamn has increased
pressure to design a product for manufactuning and assembly efficiency as
well as function, Statistical process control and design of experiments
techniques have been widely implemented to identify, analyze. and control
critical variation parameters in the manufacturing ana assembly plant. These
techniques, however, are used after the product is in production and do not
provide the design engineering team with a method to predict variation
during the design stage of a product, and thus prevent or control undesirable
variation in production. In order for the design team to evaluate design and
assembly proposals, before expensive tooling is committed, a simulation of
the actual build process must be performed.

A method called Variation Simulation Analysis (VSA) provides the design
engineer with the ability to evaluate the geometric effect of vaniation in an
assembly due to component variation, processing relationships, assembly
methods, and assembly sequence.

The VSA technique, properly integrated into an engineering organization,
provides an effective tool to structure communication between design,
manufacturing, assembly, and statistical process control.

A simultaneous engineering structure is created by using VSA to help
manage the effects of variation during the design phase of a product.

Cullinane, Thomas P. (Northeastern University) and John Izuchukwu (Digital Equipment
Corporation), “"Implementing Concurrent Engineering,” article and viewgraphs, presented
at the Design for the Life Cycle Conference, Chicago, IL, 3-4 May 1990.

Daetz, Douglas, "The Effect of Product Design on Product Quality and Product Cost,”
Qualiry Progress, June 1987, pp. 63-67.

Focusing on quality and manufacturability during the development phase of
a product’s life cycle is crucial. The level of conformance quality that may
be achieved in production and the product’s cost are largely determined by
the design of the product.

At this time, some of the key product design measures for achieving
competitive quality and competitive product cost appear to be:

» designing product and process concurrently

* measuring and striving for assembly simplicity

* minimizing the number of parts

* minimizing the number of part numbers

+ using as high a percentage of preferred parts as possible
* minimizing the number of vendors

These measures are not completely indepcndent of each other, and as yet
there has not been a systemnatic analysis to quantify their individual and joint
contributions to both product quality and product cost. To a certain ¢xtent
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they may even seem to product development engineers to compound their
problem of making tradeoffs in their designs in order to satisfactorily meet
functionality, schedule, and other constraints. However, giving product
develepment engineers explicit guidelines for making their design choices
should make their job easier. The six measures listed above represent a start
for focusing attention on the effect of product design on product quality and
product cost.

The article discusses design teams of manufacturing/product/process
engineers, the Design for Assembly (Boothroyd/Dewhurst) method and the
Assemblability Evaluation Method (Hitachi/GE).

Davidson, Robert, Editoria! Researcher, "Product Planners Assess Users’ Needs,” /[EEE
Spectrum, May 1987, pp. 29-32.

Designers of commercial, military, and consumer systems rely on the
customer more than ever to help set design parameters.

DeVol, F.E., NCR Corporation, "Design for Manufacturability,” Proceedings of the
Second Annual Conference on Product Design for Manufucture and Assembly, Newport,
RI, 6-8 April 1987.

Dewhurst, P. and G. Boothroyd, University of R.I., "Early Cost Estimating in Product
Design,” Proceedings of the Second International Conference on Product Design for
Manufacture and Assembly, Newpon, RI, 6-8 April 1987.

This paper describes product costing procedures which are intended to form
the basis for a design analysis method for Product Design for Efficient
Manutacture (DFM). This DFM method, presently being developed by the
writers, will form a logical extension of their Design for Asscmbly
procedures, applications of which have already achieved major reductions in
manufacturing cost in a wide range of U.S. industries.

Design for Assembly consists of two steps; the identification of the most
appropriate assembly system for a new product design, followed by a
careful analysis of the suitability of the design for the chosen assembly
method. The more general aspects of design for efficient manufacture will
consist of two analogous steps. The first step is the identification of the
appropriate materials and manufacturing processes for the component parts
of a new product design. The second step is the detailed design of the
individual components consistent with the capabilities and limitations of the
material-process combinations.

A prerequisite for making sound judgments in the choice of materials and
processes is the availability of manufacturing cost information at the early
product concept design stage. This implies the need to estimate
manufacturing costs before component part designs are fully detailed and
without full knowledge of the manufacturing processing plans. Such cost
estimates must therefore be based on assumed optimum manufacturing
methods irrespective of the processes and equipment which will actually be
used. The present paper illustrates this approach for two important
manufacturing processes; namely, machining and injection molding.

Eaton, Robert J.,, "Procuct Planning in a Rapidly Changing World," International Journal
of Technology Management, Vol. 2, No. 2, 1987, pp. 183-189.

The paper addresses two major aspects of product planning: the
technological challenge of assimilating rapidly developing technology into
product design, and the marketing challenge of product differentiation for

CE-7




shifting and segmenting markets. Both call for flexibility in planning ard in
manufacturing methods. To cope with this need for flexibility, the author
recommends a return to the principles of Simultaneous Engineering--the
breaking down of the traditional roles of Designer, Product Engineer and
Manufacturing Engineer, and their re-integration into closely-knit and highly
cooperative teams. Examples are given of the use of this approach at
General Motors subsidiaries Opel, GM Trucks Group, Saturn Corporation,
and Detroit Diesel Allison. Both the demands and the benefits of
Simultaneous Engineering are assessed.

"The Efficacious Future for National Defense and the Nation Throngh Concurrent
Engineering," article, presented at the Concurrent Engineering Task rForce Meeting,
25 September 1989.

Fiksel, Joseph and Frederick Hayes-Roth, Cimflex Teknowledge Corporation, "A
Requirements Manager for Concurrent Engineering in Printed Circuit Board Design and
Production,"” presented at the Second National Symposium on Concurrent Engineering,
Morgantown, WV, 7-9 February 1990.

Foo, George, AT&T, "Integrated Pull Engineering,” Design for the Product Life-Cycle
Proceedings, sponsored by The Manufacturing Institute, a division of Institute for
International Research, Chicago, IL, 3-4 May 1990, pp. 1-6.

Over the last few years, the terms time-based competition and concurrent
engineering have emerged as the latest buzzwords for enhancing
competitiveness. Unfortunately, most previous discussions on these topics
have been too vague or at too high a level to be of any value.

AT&T has been studying the product realization process, and has developed
and tested a new concept known as Integrated Pull Engineering (IPE). IPE
combines the best practices of concurrent engineering and Just-In-Time
(JIT) to slash new product realization intervals by perhaps 40 percent. It is
based on the following key concepts:

» Concurrency of design, manufacturing engineering, and material
planning activities
» Synchronization of product realization (PRP} aciivities.

Forcier, Richard C. and Alfred D. Grant, "Systems Design Team: Personal Relationships
in Instructional Development,” Educational Technology, March 1973, pp. 58-59.

The team approach to instructional design and development would provide
the most efficient and effective use of this talent.

Ganter, William A., Production Automation, Inc., "Quality in Design," Quality and
Reliability Engineering International, Volume 4, John Wiley and Sons, Ltd., 1988,
pp. 4-6.

This paper atteripts to define a quality engineering role in the product design
process. The product design process is also placed within the modem
quality system. Methods of experimentation and modelling in design are
emphasized and an example is described.

Garrett Engine Division, Allied-Signal Aerospace Company, An Integrated Approach to
Producibility, viewgraphs.
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Gatenby, David A., AT&T, "Design for "X" (DFX) & CAE/CAD," Proceedings of the
Third International Conference on Product Design for Manufacture and Assembly,
Newport, RI, 6-8 June 1988.

A key to efficient, profitable product realization is Design for "X" (DFX):
Design for Manufacturability (DFM), Testability (DFT), Installability (DFT),
Compliance (DFC), Reliability (DFR}, and other downstream
considerations. This paper presents DFX as a strategic concept for product
realization, shows a systematic approach for understanding DFX, and
describes techniques for supporting DFX to achieve corporate productivity
and quality; CAE/CAD support of electronic and mechanical DFX is a key
element of AT&T's DFX support strategy.

Gill, Allen, "Setting Up Your Own Group Design Session,” Datamation, 15 November
1987, p. 88-92.

While group design techniques can't totally break the applications logjam,
they can enhance systems usability by decreasing maintenance costs and
improving productivity. Recommendations are given that can ensure getting
the most out of team techniques when forming group design workshops.
The article includes a discussion of IBM's Joint Application Design (JAD).

Gill, H., "Design for Manufacturc-A Case Study,” Proceedings of the International
Conference on Engineering Design, ICED 87, Boston, MA, 17-20 August 1987.

In an effort to revitalize the manufacturing sector of the UK economy, the
government and other agencies are investing large sums in advanced
manufacturing technology. There is no paraliel effort in investment in
design and there are examples of endeavor to produce, more economically,
that which should not be preduced at all. This study is of a case where the
company first addressed the design, designed-out the high cost
manufacturing requirements and reaped that consequent benefit.

Godfrey, Richard G., TRW, "TQM-Concurrent Avionics Engineering,” presented at the
SME Conference on Concurrent Engineering, Viewgraphs.

Goranson, Ted, SAIC, "DARPA Initiative in Concurrent Engineering and Allied

Programs,” viewgraphs, presented at the Concurrent Engineering Task Force Meeting,
25 September 1989,

Goranson, H.T., SAIC, "Deep Structure for Activity Modeling," presented at the Second
National Symposium on Concurrent Engineering, Morgantown, WV, 7-9 February 1990.

A key technology for concurrent engineering is in the area of high level
conceptual methods for integrated product, process, and resource modeling.
The underlying, unifying principles necessary are not well understood. A
promising approach to working with these deep structural principles
concerns the morphology of the grammars involved. Research in this area
is outlined, and examples of new findings given.

Gordon, Fred and Robert Isenhour, United Research, "Simultaneous Enginéering,"
Management, pp. 4-5.

For all practical purposes, American manufacturers traditionally approach
the product development cycle in much the same way: sequentially. Each
function, from design through manufacturing and all the way to
distribution, taken one step at a time, in virtual isolation from its neighbors.

Recently, this restrictive tradition has come under close scrutinv hy overseas
competitors. Recognizing that product development can be a powerful
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driver of competitive advantage, they have shaken off the sequential legacy
and are now beating American companies to the marketplace thanks to much
shorter cycles.

Over the past fcw years, United Research has been working with several
U.S.-based manufacturers to bolster their competitive abilities vis a vis
product development. The process we used is known as simultaneous
engineering. It ensures that the appropriate people within a corporation are
brought into the development process at the appropriate time, regardless of a
business' internal organization.

Gregory, William J., Coopers and Lybrand, "Examples of the Use of Design for
Excellence Techniques to Improve the Product Development Process,” Design for the
Product Life-Cycle Proceedings, sponsored by The Manufacturing Institute, a division of
Institute for International Research, Chicago, IL, 3-4 May 1990.

Guzzi, Maj. James F., USAF, "R&M Quality Team concept, A New R&M 2000
Initiative,"” 1988 Proceedings of the Annual Reliability and Maintainability Symposium,
pp. 277-279.

The Aeronautical Systems Division's C-17 System Program Office located
at Wright-Patterson AFB, Chio, has introduced a new project management
initiative. This new initiative is designed to improve the effectiveness of a
company's-design organization to recognize and manage the Reliability and
Maintainability (R&M) Program in day to day design activities. The new
initiative which is called the R&M Quality Team Concept is the idea of
Major James F. Guzzi, R&M Manager for the C-17 aircraft. This aircraft is
presently being developed by Douglas Aircraft Company as the airlifter of
the future. The new concept uses R&M Quality Teams and a Review
Council, integrated with a structured approach to focus on System Level
R&M issues. This new concept has been recognized by Industry and the
U.S. Air Force as an "innovative approach” to successfully “influence"” and
"institutionalize” R&M management commitment throughout the total
organization. The development of the R&M Quality Team Concept will be
reviewed and summarized in this technical paper.

Hall, Donald, CALS Policy Office, "CE 201 Implementing the Concurrent Engineering
Process,"” viewgraphs, presented at the CALS Phase II: Finding Practical Applications
Conference, Costa Mesa, CA, 14-15 March 1990. '

Hall, Donald, CALS Policy Office, "A Concurrent Engineering Tutorial,” viewgraphs,
presented at the Product Assurance Forum '90, Skylands at Randolph, NJ, 17-18 October
1990.

Halpin, John C., "The ASD Perspective on Concurrent Engineering,” viewgraphs,
presented at the Concurrent Engineering Task Force Meeting, 25 September 1989.

Hardwick, Martin, et al., ROSE, A Database System fcr Concurrent Engineering
Applications, Technical Report No. 89062, Rensselaer Design Research Center, Troy,
NY.

A database system for concurrent engineering should be efficient and should
support mechanisms that ~llow users and applications to develop designs
concurrently. The ROSE database system is efficient because it down-loads
design versions into engineering applications in a way that allows those
design versions to be processed at main memory speeds. The RCSE
database system supports concurrency by allowing the differences between
any two design versions to be computed as a delta file. These files can be
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used by users and applications to add the features of one design version to
another design version. We describe why ROSE is efficient, how it
computes the differences between design versions as delta files, and how its
users and applications can use these delta files to transmit changes between
design versions.

Haridim, Yosef, Northrop Corporation, Requirements for Concurrent Engineering
Information Architecture, CALS/ISG/CE Framework Subtask Group, 1 May 1990 draft
(written in March), to be released in mid-July, and 11 June 1990 draft.

The information architecture allows a multidisciplinary group to behave as
an interdisciplinary team in a concurrent manner to create a product
definition.

Harris, Diana and Scott Webb, "PWB Producibility CAD Tools," Texas Instruments
Technical Journal, May-June 1988, pp. 19-27.

Webster defines produce as a verb meaning to make or manufacture. The
suffix -ability means having qualities of. Putting the two definitions
together, producibility is a characteristic or quality of a design that makes it
capable of being manufactured efficiently and effectively.

Producibility Engineering was organized to optimize producibility in relation
to other design conditions, such as electrical and mechanical functionality,

est-ability, and reliability. Producibility Engineering provides specialized,
expert production design engineering support and analysis to developmental
programs throughout DSEG.

Hawiszczak, Robert, "Integrating Producibility Tools into a CAE Design Environment,”
Proceedings of the Third International Conference on Product Design for Manufacture and
Assembly, Newport, RI, 6-8 June 1988.

Properly implementing producibility tools within a design process is a truly
complex endeavor. It is this complexity that has slowsd the integration of
producibility tools throughout the design process. This paper seeks to
unravel some of the mystery surrounding the relationship between
producibility tools and the design process.

Competitive environments and corporate cultures have evolved unique
design processes, and these basic design processes can be documented in
standard procedures. Based on these standard procedures, disciplined
design methodologies can be developed which meet organizational goals
and permit the successful integration of automated CAE tools.

The next step is the development of an integrated CAE tools strategy which
itself meets the requirements of the design methodology and considers
automated producibility tools. Producibility tools can then become a formal
part of the design process.

Producibility tools themselves can be developed with integration into the
design process as a goal. Two producibility tools are reviewed to
understand how each is being integrated within unique design
methodologies. A model for integrated producibility tool development is
presented. It defines the need for significant planning and design prior to
the actual construction and use of any producibility tool.

Defining a logical, organized, disciplined design methodology is the key to
success. Chaos can't be automated.
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Hayes, Robert H. and Ramckandran Jaikumar, "Manufacturing’s Crisis: New
Technologies, Obsolete Organizations,” Harvard Business Review, September-October
1988, pp. 77-85.

Getting beyond functional divisions, top-down decision making, piecemeal
investment, and bottom-line accounting,

Hein, Lars, "Boosting Product Development Ability," Proceedings of the International
Conference on Engineering Design, ICED 87, 17-20 August 1987, pp 195-236.

A new basic concept for the management of industrial product development
projects has been formulated. Called "Integrated Product Development” its
aim is to render the process an integrated, concerted action including
R&D/Engineering, Marketing and Manufacturing.

A campaign to implement Integrated Product Development in Danish
industries has been going on since spring 1985. The methods of
implementation and the extent to which it has succeeded is briefly outlined.

At the present a research project, involving a number of industries, is being
undertaken in order to expand the concept of Integrated Product
Development. A procedure is created, by which product development can
be restructured and dimensioned on the basis of the companies product
strategy, marketing strategy and manufacturing strategy.

Hevner, A., A. Basu, M. Pecht, and B. Pourbabai, University of Maryland, "A
Methodology for Concurrent Product Development with a Focus on Electronic Products,”
presented at the Second Annual Concurrent Engineering Symposium, Morgantown, WV,
7-9 February 1990.

This paper presents a research approach to define requirements and methods
to support a new theory of systems management, for electronic product
development process. Box structure theory and methods, which have
proven quite successful in the development of computer-based information
systems, are applied to a set of three framework hierarchies (the structure
usage hierarchy of product design, the attribute hierarchy of product
characteristics, and the process hierarchy of product management) for the
technical and managerial requirements of electronic product development.

Hill, Capt. 'Raymond R., AFHRL, Wright-Patterson AFB, "Enhancing Concurrent
Engineering Using Quality Functior. Deployment Based Tools," presented at the Second
Annual Concurrent Engineering Symposium, Morgantown, WV, 7-9 February 1990.

This paper presents the use of Quality Function Deploynient (QFD) as a
means to improve the weapon systems acquisition process. QFD makes an
ideal framework for a Decision Support System (DSS). The structure of the
QFD matrices, coupled with the group processes required of QFD analyses,
provide tremendous opportunities for application to CE.

Fundamental to this research is an understanding of the DoD initiatives in
TQM and CE. We discuss TQM, its relationship *» the American quality
movement, and the fundamental tenets of TQM applicable to this research;
TQM recognizes the need for increasing the focus on customer requirement.
This TQM discussion leads naturally to discussing the DoD initiatives in
CE. While TQM is a fundamental philosophy of acquisition management in
the DoD, CE is a critical technology empowered to help meet the TQM goals
of reduced cost, reduced schedule and improved performance.
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QFD provides this necessary focus on customer requirements and is, in
fact, commonly referred to as the Voice of the Customer. A focus on
customer requirements, translated into DoD terms, means better definition
of system requirements from the operational commands leading to better
acquisition programs.

As a framework for a DSS and an extension to Systems Engineering, QFD
provides a vehicle to enhance requirements definition, promote increased
understanding of the requirements, provide traceability of the requirements,
and correlate the requirements currently scattered among a myriad of
acquisition documents. The benefits include: better program planning,
improved requirements documentation, enhanced configuration management
and control, and more efficient configuration audits.

Hock, Gerard, General Electric, "After Five Years, What has GE Learned from Design for
Assembly,” Proceedings of the International Conference on Product Design for Assembly,
Newport, RI, 15-17 April 1986.

Hock, Gerard, General Electric, "Giving Your Designs a Producibility Checkup,"
presented at the Second International Conference on Product Design for Manufacture and
Assemblyv, 6-8 April 1987, Newport, RI.

Hurd, Gary L., Cipher Data Products, "Design for Producibility,” presented at the Second
International Conference on Product Design for Manufacture and Assembly, Newport, RI,
6-8 April 1987.

Huthwaite, Bart, Troy Engineering, "Product Design for Manufacture and Assembly: The
Five Fundamentals,” Proceedings of the Second International Conference on Product
Design for Manufacturing and Assembly, 6-8 April 1987.

How a Product Design for Manufacture and Assembly (DFMA) effort is
implemented is critical for its continued success. The following five
fundamental steps are shown to be major keys to success.

¢ Map the cunent product design system, then map the new simultaneous
engineering system, carefully identifying the new interfaces and roles
required.

* Using previous product design cost and time data, create a profile of a
typical product development. Create a new cost/time profile based on
using simultaneous engineering and DFMA techniques. This idealized
profile includes zero wait time between product development phases and
includes only value-added engineering work.

« Set challenging quantitative benchmarks to be reached during specific
time periods, based on data acquired in the preceding step.

» Provide training in DFMA design principles and techniques.

* Provide training in DFMA methodology (Boothroyd Dewhurst
Method).

This paper is based, in part, on a recently completed pilot study on how
companies are strengthening their manufacturing competitivensss through
simultaneous engineering techniques and DFMA quantitative methods.
Troy Engineering will complete the final study during late 1987,

Huthwaite, Bart with David Schneberger, Design for Competitiveness, The Teamwork
Approach to Product Development, Advance Copy, The Institute for Competitive Design
(ICD), Rochester, MI, 1990,
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Huthwaite, Bart, Troy Engineering, "Product Design for Manufacture and Assembly. The
Five Fundamentals,” Second International Conference on Product Design for Manufacture
and Assembly, Newport, R, 6-8 April 1987.

How a Product Design for Manufacture and Assembly (DFMA) effort is
implemented is critical for its continued success. The following identifies
five fundamental elements shown to be major keys to success.

This paper is based, in part, on a recently completed pilot study on how
companies are strengthening their manufacturing competitiveness through
simultaneous engineering techniques and DFMA quantitative methods.
Troy Engineering will complete the final study during late 1987.

Huthwaite, Bart, Design for Competitiveness, The Twelve Fundamentals, Institute for
Competitive Design (ICD), Rochester, MI, 1989,

Hyer, Nancy Lea (University of North Carolina, Chapel Hill) and Urban Wemmerlov
(University of Wisconsin, Madison), "Assessing the Merits of Group Technology,”
Manufacturing Engineering, August 1988, pp. 107-109.

A survey of users indicates that group technology is most successfully
applied when it is viewed as a general philosophy.

*lyer, Nancy Lea (University of North Carolina, Chapel Hill) and Urban Wemmerlov
(University of Wisconsin, Madison), "Group Technology and Productivity,” Harvard
Business Review, July-August 1984,

Group technology (GT), the concept of exploiting similarities in recurring
tasks and grouping like problems, is drawing increasing interest from
manufacturers because of its ability to boost productivity in three ways: (1)
by performing similar activities together, thereby cutting setup time; (2) by
standardizing closely related activities, thereby eliminating unnecessary
proliferation of similar parts; and (3) by storing and making accessivle
information related to recurring problems, thereby cutting time spent
searching for information or solving problems.

GT is applied most often to purchased items and fabricated parts. Engineers
use a classification system to group similar parts into "families” and assign
each part a code. The code becomes the basis for scheduling and process
planning. The most advanced application of GT is the creation of
manufacturing "cells,” which are collections of equipment grouped to
process one or several part families. The advantages of cellular production
include improved quality, reduced interferences, more efficient materials
handling, reduced setup and run times, lower inventories, and shorter lead
times.

GT can be combined with computer-aided process planning to create
process plans more efficiently; it can help engineers standardize designs;
and it can be used in purchasing, sales, and cost estimation.

Problems that may arise if the organization fails to adjust to GT include:
conflicts with long-standing evaluation and reward systems; changing roles
of operators and supervisors; a tendency for planners to lapse back to the
old system; and codes unable to describe a part adequately.

Jancsurak, Joe, Senior Editor, "Redesigning a Hong Kong-Made Appliance Cuts Parts by
50 Percent,” Appliance Manufactwer, Corcoran Communications, Inc., July 1988.

U.S. design team, taking part in our second annual DFM Roundtable, also
reduces processes.
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Johnson, Cynthia Reedy, "An Outline for Team Building," Training: The Magazine of
Human Resources Development, Vol. 23, January 1986, pp. 48-52.

Cooperation, collaboration and communication are the ingredients of an
effective team. Contains questionnaire/assessment scale.

Kaplan, Gadi, Issue Editor, "On Good Design," IEEE Spectrum, May 1987.

Katz, Isadore, Daisy Systems Corporation, "Automating Electronic Design,"” IEEE
Spectrum, May 1987, pp. 55-66.

From architectural specification through design, verification, and layout,
computer-aided engineering is changing the way EEs do their jobs.

Kelly, Dr. Michael, "DARPA Defense Manufacturing Office,” viewgraphs, present at the

" Concurrent Engineering Task Force Meeting, 25 September 1989.

King, Resa W., "Engineering Made Easy, Thanks to Igor and Friends,” Science and
Technology Section, Business Week, 3 September 1990, pp. 103-104.

How Sikorsky and others are taming oceans of computerized data.

Krishnan, V., D. Navinchandra, P. Rane, and J.R. Rinderle, Constraint Reasoning and
Planning in Concurrent Design, CMU-RI-TR-90-03, The Robotics Insmute, Carnegie-
Mellon University, Pittsburgh, PA, 7 February 1990.

By concurrent design we mean, in part, concurrent consideration of a broad

range of life-cycle constraints conceming, for example, manufacturing and

maintenance. The multitude of constraints arising from these considerations .
make it difficult to identify satisfactory designs. An alternative to explicitly

considering all constraints is to determine which of the constraints are

relevant, redundant or inconsistent and to consxder only those which impact

design decisions.

The proposed approach is based on two simple ideas: (1) constraints
provide a uniform representation for a variety of life-cycle concerns; and (2)
interval methods applied to constraints can be used to identify critical
constraints, eliminate redundant constraints and to narrow the space of
design alternatives.

The application of the necessary and sufficient intervals of constraints and
constraint propagation techniques are used to classify constraints in this way
and to focus design activity. Regional monotinicity properties are used to
identity critical constraints.

A related aspect of concurrent design problems is the large number of
complex constraints which have to be satisfied to complete a design task.
As it is impossible to guarantee the simultaneous solution of a large set of
design constraints, we have investigated algorithms for planmng and
simplifying such constraint problems.

Leaf, Dawn M. and William J. Chase, Westii:ghouse, "Rapid Acquisition of Manufactured
Parts (RAMP)," Society of Manufacturing Engineers (SME) Autofact ‘88 Conference
Proceedings, Chicago, IL., 30 October - 2 November 1988.

RAMP is a proof-of-concept manufacturing system designed to reduce cycle
time in the delivery of spare printed wiring assemblies (PWA's). RAMP is
a marriage between only the most essential manufacturing business
functions and an integrated electronic assembly cell. Basic functions of
order placement, work center control and material management drive
automatic assembly through the following integrated subsystems:
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Administrative Support Computerized System, Expert Manufacturing Data
Generation System, Work Center Controller, Automatic Storage and
Retrieval System, Containerization Work Station, DIP Kitting Work
Station, DIP Assembly Work Station, Computer Aided Manual Operatior:s
Work-Station, and the Inspection Data Entry Work Station.

Leavitt, Don, "Team Techniques in System Development,” Datamation, pp. 78-86,
15 November 1987.

Group design techniques provide orderly ways for business professionals
to work together in small groups with the IS department in order to decide
upon and understand the scope and content of a proposed system. While
many focus on the design phase of the development cycle, a few start even
earlier by attempting to bring structure and ieamwork to strategic planning.

Actually, "facilitated team techniques” is a more useful and accurate texm for
these methods, since in every case, specially trained leaders are used to
encourage and shape the work of the group formed to meet a perceived
need. during group sessions, nontechnical end users and information
systems staff meet on a common ground to gather information and hammer
out system solutions that truly meet the needs of everyone--especially the
needs of end-user management. The article discusses WISE Integrated
System Development Method (WISDMA?), by Western Institute of Systems
Engineering Corp., IBM's Joint Application "esign (JAD), and METHOD
by Performance Resources.

Lee, Dona M., Newport News Shiptuilding, Marketing-ILS Projects, "Concurrent
Engineering: A Logistics Perspective,” viewgraphs, presented at the Society of
Manufacturing Engineers (SME) Conference on Concurrent Engineering, Arlington, VA,
3 October 1990.

Lien, Professor Terje Kristoffer, "Integration of the Product Design and Process
Development Activities - A Case Example," Proceedings of the Second International

Conference on Product Design for Manufacture and Assembly, Newport, RI, 6-8 April
1987.

The traditional sequence of product and process development oftzn misses
the opportunity of taking advantage of new methods in production and
automation. The paper describes an integrated approach that lets the product
and the process develop in parallel, to integrate the latest knowledge of
production methods in the product design. An example from a
manufacturing company demonstrates the effeci of this approach.

Longuemare, R.N., "Concurrent Engineering Defense Manufacturing Board Summer
Study Panel, CALS/CE ISG," viewgraphs, presented at the Concurrent Engineering Task
Force Meeting, 25 September 1989,

Martin, John M., Writer and Consultant, "The Final Piece to the Puzzle,” Special Report,
Manufacturing Engineering, September 1988, pp. 46-51.

You would think it was the most obvious thing in the world. When you are
developing a new product, consider, along with aii that product’s functions,
features, and costratics, hcw on earth you are going to make it.

Yet, shockingly, until perhaps about a year ago, only a relatively smail
number of forward-thinking companies were bringing their manufacturing
organizations into the product development process at an ea.ly enough stage
to significantly impact the concept, design, and subsequent
manufacturability of the product.
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Martin, John M., Consulting Editor, "Data Transfer Heats Up Out West," Manufacturing
Engineering, March 1989, pp. 47-49.

The primes are increasingly skipping the blueprint stage when they pass
their part geometry to contractor shops.

Martinez, Carlos Domingo, "The Human Factor in Design,” MacWEEK.

Designing a product for manufacture requires a high level of communication
and coordination among those involved in the process.

McAuley, Jack, IBM, "Case Study: IBM Product cycle Management, viewgrziphs, Design
for the Product Life-Cycle Conference Proceedings, sponsored by The Manufacturing
Institute, a division of Institute for International Research, 3-4 May 1990, Chicago, IL.

McCarthy, Dan, "Goal Orienied Application of Design for Manufacturing (DFM)," North
American Philips Corporation.

McGrath, Michael F., Office of the Secretary of Defense, "CALS, Enabling Process
Improvements,” viewgraphs, AIAA/ADPA/NSIA 1st National Total Quality Management
Symposium, A Collection of Technical Papers, pp. 212-220, viewgraphs.

McLinn, James A., McLinn, Dale & Associates, "Product Reliability: Extending Qualxtv ]
Reach,” Manufacturmg Engineering, September 1988, pp. 52-55.

Reliability is created through the optimum combination of design,
component parts, and manufacturing process.

Meyer, Stephen A., "Integrated Design Environment-Aircraft (IDEA), An Approach to
Concurrent Engineering,” McDonnell Douglas Helicopter Company, presented at the
American Helicopter Society Forum, Washington, DC, 21-23 May 1990.

* Successful rotorcraft development integrates conflicting design criteria,
complex geometry, intricate manufacturing processes and detailed support
methods. It involves a long design cycle, elaborate subsystem interactions
and enormous quantities of data. The evaluaticn of these issues as design
criteria during development is an application of the systems approach to
design, now commonly known as Concurrent Engineering. This occurs
when there is simultaneous design and optimization of the product, its
manufacturing processes and support processes.

World inarket pressures, a shrinking defense budget and desire by the
customer warrant rotorcraft development based on the philosophy of
Concurrent Engineering. Four features have been identified as essential
elements of Concurrent Engineering. These are: a top-down systems
engineering approach to organize a cross-functional development team; use
of interdisciplinary work groups for integrated product and process design;
employment of quality engineering methods for effective product and
process optimization; and an integrated computer-aided-engineering
environment with simulation to prove-out downstream design criteria prior
to production and provide information for swift decision-making.

In the LHX SuperTeam approach, a Total Quality Management plan during
preliminary design sketches theclassical Systems Engineering Management
Plan; natural work groups comprised of representatives for the total system
life cycle participate in the design effort; and first-time-quality methods are
introduced early in conceptual design. Ultimately, a computer-based design
management system termed the Integrated Design Environment-Aircraft is
created. The database is employed to structure rotorcraft life-cycle product
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information to create an integrated weapons system database. Disparate
dataforms and datatypes are captured, organized, manipulated and
disseminated in a rapid and responsive manner.

Michel, F.J., "Lessons Learned by the Army Materiel Command,” National Defense, April
1987.

Mistree, Farrokh and Douglas Muster, "Designing for Concept: A Method That Works,"
Proceedings of the International Workshop on Engineering Design and Manufacturing
Management, the University of Melbourne, Melbourne, Australia, 21-23 November 198§,
pp. 1-14.

In the future, information that is useful in des.gning will be available almost
instantly in quantity and quality heretofore not possible. Designers will
negotiate solutions to open problems in a computer environment that is
characterized by user-friendly desk-top computers networked to much larger
machines - machines with the capability to process symbols (words,
pictures, numbers, logic) - and extensive data-banks. We asser that the
principal role of an engineer in this computer environment is to make
decisions associated with the design and manufacture of an artifact We
therefore introduce & big picture, namely, the concept of Decision-Based
Design and an approach called the Decision Support Problem Technigue that
is being developed at the University of Houston. We raake a distnction
between "designing for concept” and designing for manufactuze.” In
keeping with the goals of the workshop we rapidly cut the big picture down
to size, namely, to designing for concept using Decision Support Problems.
We highlight some of the principal issues associated with their development
and use. We make clear as to what has been achieved and what is cerrently
available for use by industry and in our classrooms.

Mistree, Farrokh and Douglas Muster, University of Houston, "Conceptual Models for
Decision-Based Concurrent Engineering Design for the Life Cycle," presented at the
Second National Symposium on Concurrent Engineering, Morgantown, WV, 7-9 February
1990.

We recognize the current trichotomous nature of design. manufacturing and
maintenance--the ihree principal phrases in the life cycle of a product. In the
view of most engineers, they exist in relative isolation, as consecutively
arranged entities with only a limited number of tenuous connections
between the phases of design and manufacturing, and manufacturing and
maintenance, and virtually none between the phases of design and
maintenance. We take exception to this reductionist view. We prefer a
holistic systems view which permits us to conceptualize the three entities as
the principal subsystems of a larger system with many more
interrelationships and connecticns among them than the just-cited
reducticnist view. We have introduced an approach by means of which the
life span of a product can be considered as a single entity, a seamless range
of activites and events which start at tha: creative moment when a designer
says "ah-hah" and end when someone declares the product to be garbage.
We call this process of considering virtually simultaneously all aspects of
the life cycle of a product, at the time it is being designed, concurrent
engineering design for the life cycle.

We believe that the process of design, in its most basic sense is a series of
decisions. We offer Decision-Based Design (DBD) as a starting point for
the creation of design methods that are based on the notion that the principal
role of an engineer, in the design of an a.tifact, is to make decisions. We
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recognize that the implementation of DBD can take many forms; our
implementation, at the University of Houston, is the Decision Support
Problem (DSP) Technique. Our approach to engineering design is
embodied in the DSP Technique with the inclusion of life cycle
considerations in its extension.

In this paper, we provide an overview of DBD and the DSP Technique. We
define and use certain terms that are old in the art, for example, terms such
as design, manufacturing and maintenance, and assign to them specific
meanings which emphasize their unique interactive relationships within
DSD. We offer a definition of the relatively new term in design, namely
concurrent engineering design for the life cycle. We introduce the emergent
notion of Meta-Design, which we believe can be understood best in terms of
the contrapuntal and, yet, complementary meanings we have assigned to the
terms partitioning and decomposing, and system and environment. Finally,
using the substance of these terms and notions, we present a conceptual
model of the decision-based process of concurrent engineering design.

Miyakawa, Seii and Toshijiro Ohashi, Hitachi, Lid., "The Hitachi Assemblability
Evaluation Method (AEM),” Proceedings of the International Conference on Product
Design for Assembly, Newpon, RI, 15-17 April 1986.

Montgomery, Douglas C., Arizona State University, "Experiment Design and Product and
Process Developmem," Manufacturing Engineering, September 1988, pp. 57-63.

Product quality begins at the engineering design stage, where experiment
design for product and process development can have a significant impact.

Morley, Ian E. and Stuart Pugh, "The Organization of Design: An Interdisciplinary
Approach to the Study of People, Process and Contexts,” Proceedings of the International
Conference on Engineering Design, ICED 87, 17-20 August 1987, pp. 210-222.

This paper brings together the works of Morely and Pugh in the context of
total design, considering the evolution of the understanding of leadership
skills in parallel with the emerging understanding of engineering design.
Models of design have brought about effective communication between the
authors and industry, and they are used as the catalyst to focus upon the
difference in design team characteristics required in differing design
situations. These differences are elaborated through a consideration of
products being either conceptually static or dynamic. It concludes by firmly
establishing a sound relationship between the work in the two areas.

Must:r, D. and F. Mistree "The Decision-Support Problem Technique in Engineering
Desig:," The International Journal of Applied Engineering Education, Vol. 4, No. 1,
1988, pp. 23-33.

Until recently, design was practiced almost solely as an art. A science of
design did not exist. The real world, as it was viewed by engineers, could
~ be characterized in terms of Newtonian science. It was a world of relative
simplicity, continuity and systems in equilibrium with each other and their
environments. The assumption that engineering systems were in
equilibrium or a steady-state was the starting point of all analysis.
Nonlinear behavior, discontinuities and processes that did not fit this
assumption were treated as exceptions and allowances were made in the
design of artifacts which displayed such characteristics. Designers favored
sequential-action methods and approaches whose limitaiions were of little
practical concern until the advent of the modern computer. Now, the
problems confronting engineers are of a larger scale, a higher order of
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complexity and the pace of technology change sometimes outstrips our
ability to use it effectively. In this milieu, engineers need a new approach to
negotiating solutions to their problems, one which permits a designer to
accept a superior, "satisficing” solution with confidence in lieu of the
chimera of an optimal solution. The methods consonant with this approach
must provide a designer with the means to partition the original problem in
sufficiently simple terms that finding a solution is a manageable process
and, at the same time, the formulated problem and its model must be a
close-enough approximation of the real world that satisficing solutions yield
useful results. In this paper, the Decision-Support Problem Technique is
explained in terms of the four phases 2nd six steps which constitute the
authors’ approach to design and by means of which they plan, organize,
integrate and measure their progress in the design process.

Nash, Sarah H., Catalog of Training and Education Sources in Concurrent Engineering,
IDA Document D-666, Institute for Defense Analyses, Alexandria, VA, November 1989.

This document contains information on training and education programs and
their courses in concurrent engineering or in methods supporting concurrent
engineering. Concurrent engineering is a systematic approach to the
integrated, concurrent design of products and their related processes,
including manufacture and support. This approach is intended to cause the
developers, from the outset, to consider all elements of the product life cycle
from conception through disposal, including quality, cost, schedule, and
user requirements.

This catalog contains 75 entries describing 119 programs with some entries
having multiple programs. Of these, 6 are Associate Degree programs, 17
are Bachelor Degree programs, 33 Master Degree programs, and 22 are
Ph.D. programs. Three Certification programs are listed as well as 37
Continuing Education programs and one post-graduate program.

Nevins, J. L., and D. E. Whitney, "What Progressive Companies are Doing to Raise
Productivity,” Charles Stark Draper Laboratory, Inc. Paper, pp. 1-39, October 1986, with
attached presentation viewgraphs.

Advanced technology has long been the hope of companies wishing to raise
their productivity, but now there is growing agreemcit that technology
cannot accomplish this alone. This paper describes several strategies that
stress integration of product design, process design, and total involvement
of design and production employees. Such strategies allow rational mixes
of technological and non-technological methods to be designed and
justified.

The focus of these strategies is the assembly process. This process is
inherently integrative and forces manufactursrs to consider the widest range
of issues, including part fabriccztion, functional and process tolerances,
assembly, test strategies, vendor control, and the product's life cycle.
Because of the ability of this approach to encourage simultaneous
integration of so many factors that are so important, we call it the Strategic
Approach to Product Design.

The Department of Defense faces several problems in attempting to foster
this strategy among its suppliers. Some are generic problems in U.S.
industry and universities while others are specific to DoD.

First, DoD and its suppliers do not engage in a sufficiently coordinated
design and procurement activity. There are not enough mutual incentives to

CE-20




contractors and DoD to 1mprove productivity or to integrate product and
process design.

Second, there are basic knowledge gaps and corresponding lack of design
tools to support an integrated strategy. In parallel with these gaps is a lack
of university curricula that would produce manufacturing and design
engineers with the needed skills.

Third, companies and DoD lack interim methods for modifying their internal
organizations so that they could take advantage of this strategy even in its
currently empirical form. :

Possible DoD options include (1) focussed studies to find ways to
encourage more communications between users, suppliers, designers and
manufacturers; (2) establishment of productivity institutes or centers of
excellence devoted to creating integrative strategies and the supporting tools
and research; and (3) innovative procurement and incentive plans that would
imitate the commercial market's incentives.

Patterson, Mr. Michael, "Report on Army Concurrent Engineering Initiatives,”
Viewgraphs, presented at the Concurrent Engineering Task Force Meeting, 25 September
1989.

Pennell, James P. and Marko G. Slusarczuk, An Annotated Reading List for Concurrent
Engineering, IDA Document D-571, Institute for Defense Analyses, Alexandria, VA, July
1989.

The purpose of this document is to provide an annotated bibliography on
concurrent engineering. This document is intended to help the reader who
is unfamiliar with concurrent engineering understand the several fields of
study involved and also to allow those who are experts in some narrower
subject gain an appreciation for work in related topics.

Pennell, James P. and William E. Akin, An Examination of Various Methods Used in
Support of Concurrent Engineering, IDA Paper P-2318, Institute for Defense Analyses,
Alexandria, VA, March 1990,

This is a supplement to IDA Report R-338, Tne Role of Concurrent
Engineering in Weapons System Acquisition. The intended audiznce for
this paper includes people who want to start using concurrent engineering
within their projects or programs, managers who are considering how to
use concurrent engineering, and research directors who are develeping
programs to provide the methods and technologies needed for concurrent
engineering. This paper is intended to help them understand how the
methods used in support of other concurrent engineering efforts could be
beneficial to them. The data are the result of plant visits, reports from
companies, and many conversations with engineers and executives from
participating organizations. Although no company was surveyed in
exhaustive detail, representatives from 18 different companies contributed to
this study. The individuals and their sponsoring companies represert
commercial as well as defense sectors in industries. The conclusions drawn
are the result of the authors' assessment of the evidence and their judgement
about its importance.

Perry, James L., "Unleashing the Power of Tcamw\,rk Government Executive, July
1990, page 40. )
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Peyronnin, Chester A., "Keeping Contemporary With the Changing Nature of
Interdisciplinary Dc51gn. Proceedings of the International Conference on Engineering
Design, ICED 87, 17-20 August 1987, pp. 223-229.

This paper presents the changing composition of interdisciplinary design
teams. Starting with simple cooperation between engineers, the paper gives
examples of the problems presented by the addition of a broader spectrum
of engineers, scientists, and social representatives and how they were
resolved in selected situations. Lessons are then drawn from these
examples.

Posner, Barry Z., "What's All the Fighting About? Conflicts in Project Management,”
IEEE Transactions on Enginecring Management, Vol. EM-33, No. 4, November 1986,
pp. 207-211.

The issues that are most likely to create conflict during a project and how the
intensity of these disagreements varies over the life cycle of a project were
investigated in this study. Also explored are the conflict management styles
utilized by project managers and how these preferences are affected by
individual and organizational factors (e.g., gender, age, managerial
responsibilities, project size, and organizational structure). From a cross
sample of organizations, 287 project managers were surveyed. Comparison
with previous studies are noted.

Priest, John W., The University of Texas, "Producibility: Designing for Producnon " 1988
ASEE Annual Conference Proceedings, pp. 308-310.

As American industries strive to manufacture products more efficiently, it
becomes increasingly clear that a key factor to successful production is
technological advances in manufacturing. One educational approach that
can be used effectively to improve th: current state of U.S. manufacturing
technology is producibility. Producibility (or Design for Manufacturing) is
an engineering discipline used to improve the relative ease of manufacturing
an itemn. It is governed by the physical characteristics and features of a
design and their implications on fabrication and assembly processes. In
summary, producibility is an emerging engineering discipline directed
towards achieving a design which is compatible with the realities of
manufacturing.

Raine, J. K., "Design Innovation and Project Engineering--Paths to Profit," Transactions
of the Institution of Professional Engineers, New Zealand, Vol. 13, No. 2/EMCh, July
1986, pp. 95-105.

Engineering projects today differ from those of yestervear, both ia the
complexity of new technologies present, and the far greater number of
components that comprise a complete system. There is a growing
distinction between the creativity-intensive engineering of a new component
or device, and the coordination and communication-intensive task of project
engineering a large system. With the aid of intricate flow charts, this paper
reviews the steps to success in the new product design process, and in the
engineering of large system. Appropriate engineering organizations are
outlined with pointers towards obtaining good performance from the
engineering team. This article contains a value engineering flow chart.
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Rao, Ashok, Neal Thornberry, and Joseph Weintraub, "An Empirical Study of
Autonomous Work Groups Relationships Between Worker Reactions and Effectiveness,”
Behavioral Science, Vol. 32, 1987, pp. 66-76.

This paper reports on findings from an empirical study of 30 autonomous
work groups. It deals with systems at the group levei, particularly their
producer and decider subsystems. Each work group operated within the
same organization, making the same kind of product using the identical
process. This study attempis to explain the differences between high
productive and low productive autonomous work groups. The focus is on
two key areas of worker perceptions: satisfaction with the job and
perceptions of work group leadership. Results show the importance of
establishing and communicating a policy of promotional opportunities to
reward high performance. Leadership dimensions (superior orientation and
consideration) that discriminate between high and low production groups
are identified. These findings have implications in the selection and training
of team leaders and the management of autonomous work groups.

Rawcliffe, Richard H. and Rick L. Randall, Aerojet ElectroSystems, "Concurrent
Engineering Applied to an SDIO Technology Program," AJAA/ADPA/NSIA Ist National
Total Quality Management Symposium, A Collection of Technical Papers, Denver, CO,
1-3 November 1989, pp. 46-53.

Acrojet ElectroSystems is currently involved in the SPIRIT III Program to
define and develop two major subsystems, an infrared focal plane anay
(FPA) and a radiometer analog signal processor (RASP). These
subsystems will be integrated into an SDIO long-wave infrared sensor
experiment to be launched in the early 1990s.

Aerojet has been tailoring Concurrent Engineering (CE) constructs to the
company's business over the past year. SPIRIT III was chosen as a pilot
for testing these new CE constructs because of the potential benefits in
reducing cost and improving schedule while providing a state-of-the-art,
high quality product. One of the key CE constructs. and the emphasis of
this paper, is the use of multi-function teams that employ Quality Function
Deployment (QFD) to enhance the definition of a solid set of product and
process requirements based on the wishes of the customer. The context of
multi-function team performance includes customer interaction with Aerojet
Design Engineering, Program Management, and Product Development to
evaluate the complex development, manufacturing, and test set of design
and interface issues. Areas in which these issues exist include but are not
limited to thermal, mechanical, electrical, environmental, performance,
modularity, and interchangeability.

The SPIRIT III Program was selected as a pilot program to determire the
benefits of CE and QFD and understand the impact of these tools within the
Aerojet culture. A major subset of CE and QFD tools have been
implemented, such as "House of Quality" Diagrams, Brainstorming, and
fI_)esign lof Experiment (DOE) or Taguchi experiments; results have been
avorable,

The results and lessons learned of the partially complete SPIRIT III
Program have provided Aerojet with the necessary information to initiate CE
on additional programs and provide a better product to the customer.

"Realities of DoD Weapons Acquisitions,” viewgraphs, presented at the Concurrent
Engineering Task Force Meeting, 25 September 1989.
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Reddy, Ramana, "Concurrent Engineering Research Center (CERC),"” viewgraphs
presented at the Second National Conference on Concurrent Engineering, Morgantown,
WYV, 7-9 February 1990.

Rehn, Gordon D., Deere Technical Services, "Simulation Applications in Manufacturing,”
SME Autofact ‘88 Conference Proceedings, 30 October-2 November 1988, Chicago, IL,
pp. 35-52.

The application of computer simulation in analyzing manufacturing
problems has become more of a discipline than simply an analysis
technique. Requirements for a successful simulation are described bas=d on
the experiences and resulting implementation philosophies of Deere and
Company. A case study describing several interrelated simulation studies
used in support of a recent factory expansion/modernization project is
included. Manufacturing simulation applications include: design
specification of material handling and process equipment; verification of
programmable control logic; integration of detailed production operating
strategies; implementation of incentive payment plans, and application of
potential problem analysis.

Richter, W, "To Design in an Interdisciplinary Team,” Proceedings of the International
Conference on Engineering Design, ICED 87, August 1987, pp. 231-237.

Advice and rules are provided for designers who want to work with good
efficiency in an interdisciplinary team. This kind of work becomes
gradually more important due to the increasing complexity of most
products. A single designer who tries to handle the whole range of this
complexity on his own is bound to fail sooner or later.

Scales, Charles D., Touche Ross and Company, "Transitioning From Design to
Production-The Key to Performance in an Aerospace Development Environment,” Autofact
‘88 Conference Proceedings, SME, Computer and Automated Systems Association,
30-October - 30 November 1988, Chicago, IL, pp. 3-29 - 3-43.

In today's aerospace and defense development environment, the transition
from design to manufacturing has come under close scrutiny. Much has
been written about the use of computer-based technology to provide critical
linkages between the two functional areas. But technology is not enough.
The implementation of technology can require changes in organization
structure and operating procedures. A framework is presented which

~ engineering and manufacturing companies can use to assess their abilities to
make a smooth transition from design to production. The framework is
illustrated with numerous case examples from consulting engagements in
development environments.

Schmaus, Thomas and Wolf-Dietrich Schneider, "Design for Assembly in West Germany -
Experience and Trends," Proceedings of the Third International Conference on Product
Design for Manufacture and Assembly, Newport, RI, 6-8 June 1988.

Over the last few years German firms have been concentrating their efforts
at rationalization increasingly on the area of assembly tasks. The aims
pursued in this connection have by no means been restricted to assembly
automation, they have also included a basic reduction in the time spent on
assembly. It has become increasingly evident, however, that product
design is vitally importar. to this objective. In the industrial projects of the
Fraunhofer Institute IPA, in which automation of assembly tasks is
planned, 75 percent of the products in the projects are modified or even
completely redesigned. The product design measures are achieved by the
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greater exchange of knowledge between the various experts which results
from teamwork in firms. Computer-aided systems play a vital role in this.
Numerous examples demonstraie that this method of procedure is efficient,
and that in the area of product design for assembly German industry
compares favorably with its international competitors.

Organizational planning and design decisions are typically quite complex,
involving multiple decision makers with diverse perspectives, competing
priorities, and large amounts of information. A group decision support
system (GDSS) is of great benefit in these situations by using information
technology to structure, facilitate and document the decision making process
and by providing a framework for coalescing input from various decision
makers and offering feedback on the implications of their assumptions. A
case study of a decision conference (an intensive form of GDSS) held for
the New York State Insurance Department demonstrates the advantages of
decision modeling and information technologies used to improve the

scision-making process, and also exemplifies the distinction between
decision support systems (DSS) and GDSS.

Schrage, Daniel P., Georgia Institute of Technology, Design Synthesis and Analysis, A
Key to Concurrent Engineering Opportunities During the DoD Acquisition Process, White
Paper. :

Semich, J. William, Economics Editor, "Designing for Quality," Purchasing, a Cahners
Publication, 19 January 1989.

In the real world, the only way to guarantee quality products at the lowest
cost is to design quality parts and processes before production even starts.

Sepehri, Mehran, "Manufacturing Revitalization at Harley-Davidson Moto:i Co.," Industrial
Engineering, August 1987, pp. 87-93.

Setup times, inventory turns reduced.

Shad, Shabbir and Jane Haga, LTV Aircraft Products Group, "Teamwaork for Excellence,”
AIAA/ADPA/NSIA 1st National Total Quality Management Symposium, A Collection of
Technical Papers, Denver, CO, 1-3 November 1989, pp. 62-72.

Teamwork for Excellence (TEX) is a company-wide process for change at
LTV Aircraft Products Group (LTVAPG). It is the means by which we are
integrating a total quality philosophy into strategic business planning for
continuous improvement. Through implementation of the TEX Process, we
are attempting to build an environment of excellence. This environment is
envisioned as a place where employees are proud to work, where
conformance to customer requirements is the only acceptable result, and
where continuous improvement and innovation are a way of life. Such an
environment depends on open communications among all employees,
teamwork and individual involvement in the business.

We, like many other U.S. firms did not embark on such a formidable effort
by choice, but rather by necessity. Our move was driven by significant
changes in a dynamic marketplace. Our response was the development of a
new business strategy which focused on modemization, technology, and
excellence as a means to secure competitive advantage. The Teamwork of
Excellence Process is the means by which we are pursuing this excellence
strategy element.

The paper first describes the background and implementation approach of
LTVAPG's TEX Process. It outlines our long-range plan for
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implementation including the assumptions, principles, goals and strategy. It
then focuses on the Measurement and Reporting System, which indicates
whether or not our continuous improvement efforts are successful. It
concludes with a summary of the lessons learned in implementing total
quality management in an aerospace and defense company.

Shunk, Dan L. and Richard D. Filley, "Systems Integration's Challenges Demand a New
Breed of Industrial Engineer,” Industrial Engineering, pp. 65-67, May 1986.

The authors make several recommendations for the successful introduction
of system integration into an organization's corporate culture. Among these
are:

* Recognize that people not technologies, are the key to success
¢ Make system integration an interdisciplinary teamn effort

The decision-makers from operations, MIS, finance and top management
must be supporters, if not team players, on any major effort to make
systems integration a part of a corporation’s culture.

Simansky, Gary and George LeMoine, Pitney Bowes, "Design for the Future,” the Feurth
International Conference on Product Design for Manufacture and Assembly, Newport, RI.,
5 June 1989.

Sines, R. Kelly, "Integrating Simultaneous Engineering Into New Product Introduction,”
Proceedings of the Third International Conference on Product Design for Manufacture and
Assembly, Newport, RI, 6-8 June 1988.

Focusing on quality and manufacturability during the development phase of
a product’s life cycle is crucial. The level of quality that may be achieved in
production and the product’s cost are largely determined by the design of
the product. The key product design measures for achieving competitive
quality and competitive product costs are:

¢ Designing product and process concurrently

* Measuring and striving for assembly simplicity

¢ Minimizing the number of parts and levels within the structure
» Using as high a percentage of preferred parts as possible

* Minimizing the number of suppliers

The ultimate goal is to marry the above measures into the product
development stage using a team concept and input from suppliers and the
factory floor.

Slusarczuk, Marko M.G., Compiler and Editor, Presentations at the Institute for Defense
Analyses Concurrent Engineering Workshops, May-June 1988, IDA Document D-572,
Institute for Defense Analyses, Alexandria, VA, prepared for Office of the Assistant
Secretary of Defense for Production and Logistics (OASD(P&L)), June 1989.

The purpose of IDA Document D-572 is to present the unedited viewgraph
and handout materials provided by speakers at a series of workshops
sponsored by the Institute for Defense Analyses (IDA) in May and June of
1988. The workshops were attended by approximately 100 invitees from
government, industry, and academia, and examined issues related to
concurrent engineering. The workshops served as important input to IDA
Report R-338, The Role of Concurrent Engineering in the Weapons System
Acquisition Process.
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"Smart Design, Quality is the New Style," Business Week, 11 April 1988. pp.102-117.
"A Smarter Way to Manufacture,” Business Week, 30 April 1990, pp. 110-117.

Sprague, William R,, Sr. and John M. Wallach, "Design for Manufacturability
Implementation and Elements for Success,” Proceedings of the Third International
Conference on Product Design for Manufacture and Assembly, Newport, RI, 6-8 June
1988.

Industry is recognizing the value of Design for Manufacturability (DFM) as
a strategy for competitiveness. To achieve significant results, two major
obstacles must be overcome. First is how to implement a major cultural
change to an organization and gain acceptance of it. The second is how to
blend the tools and design process changes in the right strategic mix to
maximize development effort. This paper examines how NCR Corporation
and their Cambridge, Ohio plant have approached and succeeded with DFM
by addressing these two issues.

Stauffer, J.L., Townley Engineering, Inc., "Product Design for Finish Quality,”
Manufacturing Engineering, September 1988, pp. 75-77.

Anticipation, during product design, of some common part configuration
pitfalls could eliminate many finishing problems that result in poor quality
products or high production costs. A consideration of the following
difficulties--at design stage--may ensure a superior product. Each finishing
process has short-comings for certain configurations, and a thorough
knowledge of the limitations of each method will help the designer to assure
maximum finish quality in the end product.

Stauffer, Robart N., Executive Editor, "Unattended Machining Gets Increasing Attention,”
Manufacturing Engineering, March 1989, pp. 43-45.

. An Air Force ManTech effort aims to improve the productivity and
competitiveness of small machine shops.

Stauffer, Robert N., Executive Editor, "Converting Customers to Partners at Ingersoll,”
Manufacturing Engineering, September 1988, pp. 41-44.

Simultaneous engineering, along with transitional and continuous
improvement efforts, comprise Ingersoll's ambitious partnership program.

Thamhain, Hans J. and David Wilemon, "Building High Performing Engineering Project
Teams," /EEE Transactions on Engineering Management, Vol. EM-34, No. 3, August
1987, pp. 130-137.

This article summarizes four years of research into the drivers and barriers
of effective teambuilding in engineering work environments. A simple
input-output model is presented for organizing and analyzing the various
factors which influence team performance. The field survey results
supported by correlation analysis indicate that team performance is primarily
associated with six driving forces and six barriers which are related to
leadership, job content, personal needs, and general work environment.
Specific recommendations are made.

Thompson, Russ D., Ingersoll Milling Machine Company, "Simultaneous Engineering,”
viewgraphs, presented at the Design for the Product Life Cycle Conference, Chicago, IL,
3-4 May 1990.
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Tiemey, Carol, "Case Study: General Dynamics Land Systems,” General Dynamics T.and
Systems, viewgraphs, Design for the Product Life-Cvcle Conference Proceedings,
sponsored by The Manufacturing Institute, a division of Institute for International
Research, Chicago, IL, 3-4 May 1990.

Tracy, Michael J. (Peat Marwick Main and Company) and Donald H. Tumer (Arthur
Young), "Implementing CIM: Top Down Integration or Bottom Up Islands of
Automation?", SME Autofact ‘88 Conference Proceedings, Chicago, IL, 30 October -
2 November 1988, pp. 1-12.

Major questions are facing manufacturers throughout the United States and
Canada regarding the best approach for implementing CIM in their
operations. Should an approach using top down integration or a more
laissez faire approach that stresses bottom up islands of automation be used?
What are the advantages, disadvantages, and risks of each approach? What
are the financial implications? How does my industry and size affect my
decision? This paper examines these quustions, focusing on differences
faced by manufacturers of different sizes and industries. Case histories of
actual manufacturers are used as examples.

Trevelyan, Jon, Computational Mechanics Inc., "Improving Productivity and Product
Quality by Using Analysis to Guide Design,” SME Autofact ‘88 Conference Proceedings,
Chicago, IL, 30 Octcber - 2 November 1988, pp. 15-21.

Computer aided engineering (CAE) in the automotive industry has suffered
in recent years from the competitive nature of the business. There is not
time for engineers to experiment with ideas, and so their creativity is
limited. This paper describes a technique which allows greater flexibility
and a higher degree of automation in CAE, and shows how analysis of this
type can guide the design and thereby promote an improved reliability and
enhanced productivity.

Tumer, Joshua U., Rensselaer Polytechnic Institute, "Autornated Tolerancing Using Solid
Modcling Technology,” SME Autofact ‘88 Conference Proceedings, Chicago, IL,
30 October - 2 November 1988, pp. 13-22.

The tolerancing of parts in assemblies is important to overall product quality
and cost. The incorporation of automated tolerancing capabilities with
existing CAD systems, is an important piece of the integration puzzle. This
paper presents recent experience with the use of solid modeling technology
to automate the tolerancing process. Methods have been developed that are
automatic; can solve three-dimensional tolerancing problems; can be applied
on a worst-case or statistical basis. Both geometric and dimensional
tolerances can be used. Several example problems are solved.

Utterback, James M. (MIT) and William J. Abernathy (Harvard), "A Dynamic Model of
Process and Product Innovation,” OMEGA, The International Journal of Management
Science, Pergamon Press, Great Britain, Volume 3, Number 6, 1975, pp. 639-656.

This article reports results from empirical tests of relationships between the
pattern of innovation within a firm and certain of the firm's characteristics:
the stage of development of its production process and its chosen basis of
competition. The hypothesized relationships posed for the present
investigation are a synthesis of prior research by the present authors on two
distinct but complementary conceptual models of innovation, concemning
respectively: the relationship between competitive strategy and innovation,
and the relationship between production process characteristics and
innovation. The empirical investigation is carried out with data available
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from the Myers and Marquis study of successful technological innovation in
five different industry segments.

The essential aspects of the hypothesized relationships are that the
characteristics of the innovative process will systematically correspond with
the stage of development exhibited by the firm's production process
technology and with its strategy for competition land growth. As a more
specific example these relationships predict that there will be coherent
patterns in the stimuli for innovation (market, production or new
technology); in the types of innovation (product or process original or
adopted, etc.) and in barriers to innovation.

The presently reported statistical evidence is decidedly favorable to the
hypothesized relationships, even though the adaptations needed to
implement tests with existing data introduce dependencies that limit
conclusions which would otherwise be warranted. The broad implication is
that strong and important relationships exist among the capability of a firm
to innovate, its competitive strategy and the posture of its production
resources.

Varney, Glenn, "The Future of American Organizations,” An Interview with Marshall
Sashkin, Group & QOrganization Studies, Vol. 12, No. 2, June 1987, pp 125-135.

The future of American management and the role organization development
(OD) professionals play in organization change has emerged as a paramount
concem to chief executive officers, managers, educational institutions, and
many others in our society. This interview with one of the foremost
thinkers on the subject of cultural and organizational change sets forth some
very clear recommendations for i xmprovmg American competitive positions
in the world environment.

Vasilash, Gary 8., "Simultaneous Engineering, Management's New Competitiveness
Tool,” Production, July 1987, pp. 36-41.

The concept is as simple as it is powerful: obtain as much information as
possible as early as possible, then go to work creating world-class products
and the processes that make them cost effective. But it isn't as easy as it
may sound or seem.

More than a simple give-and-take between management and workers about
the existing state of affairs, simultanecus engineering brings together
groups that have historically had, perhaps, more friction between them than
labor and management: design engineers and manufacturing engineers, or
product and process people. What's more, they don't talk about givens;
they must take concerted action on things that don't exist.

Their combined objective is, quite simply, to develop better products,
whether it's a home appliance or an automobile. Berzer is expected to result
from the fact that the two groups are working together. This may not seem
to be extraordinary. After all, both groups are engineers; both groups work
for the same company. It would be only natural that the two work in
concert. But with few, relatively recent, exceptions, each group has
operated in semi-impenetrable isolation within the major organizations.

Not only are the design and manufacturing people brought together, but
there nre a few more ingredients that really get the pot boiling. For
example, the input from marketing and financial people becomes relevant to
product and production decisions like never before. And the OEMs no
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longer select suppliers to work to specs, but actually preselect suppliers
who help develop the specs. Customers and vendors work together,
sometimes even in the same office.

Voelcker, John, Associate Editor, "Leaming From Earlier Systems," JEEE Spectrum, May
1987, pp. 67-72.

In product redesign to meet changing market requirements, exploit new.
technologies, or reduce manufacturing costs. conflicting demands must be
balanced. When redesigning to correct flaws, add capabilities, or update
aging features, figuring out what to keep and why is as important as
knowing what to change.

Volkema, R.J., "Problem Formulation in Planning and Design: What We Know and What
We'd Like to Know," Department of Engineering Administration, George Washington
University, Washington, DC, pp. 91-95.

This paper summarizes what we know (or think we xnow) about problem
formulation in planning and design, and raises questions for future
consideration.

Wallich, Paul, Associate Editor, "How and When to Make Tradeoffs," JEEE Spectrum,
May 1987, pp. 33-40.

Aircraft must be lighter, consumer products more functional, implantable
devices more reliable--but at what cost?

Webster, LTC Douglas, Office of the Assistant Secretary of Defense, Production and
Logistics, "The DoD Initiative in Concurrent Engineering,” viewgraphs presented at the
Conference on Concurrent Engineering: A Practitioner’s Look at Industry and Government
Initiatives, sponsored by the Society of Manufacturing Engineers, Washington DC Chapter
and the Concurrent Engineering Research Center, 3 October 1990.

Whitney, Daniel E., Manufacturing by Design,” Harvard Business Review, July-August
1988, pp. 83-91.

Strategic product design is a total approach to doing business. It can mean
changes in the pace of design, the identify of the participants, and the
sequence of decisions. It forces managers, designers, and engineers to
cross old organizational boundaries, and it reverses some old power
relationships. It creates difficultes because it teases out incipient conflict,
but it is rewarding precisely because disagreements surface cu.ly, when they
can be resolved constructively and with mutual understanding of the
outcome's rationale.

Strategic design is a continual process, so it makes sense to kcep design
teams in place until well after product launching when the same team can
then tackle a new project. Design--it must be obvious by now--is a
companywide activity. Top management involvement and commitrnent are
essential. The effort has its costs, but the costs of not making the effort are
greater.

Whitney, Daniel E., Charles Stark Draper Laboratory, Inc., "Manufacturing and Design: A
Symbiosis," IEEE Spectrum, May 1987, pp. 47-54.

If robots land other advanced assembly methods are to be used efficiently,
products must be scrutinized in terms of manufacturability early in the
design cycle.
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Winner, Robert 1., "The Role of Concurrent Engineering in Weapons Systems
Acquisition,” viewgraphs, Institute for Defense Analyses, Alexandria, VA.

Winner, Robert 1., James P. Pennell, Harold E. Bertrand, and Marko M.G. Slusarczuk,
The Role of Concurrent Engineering in Weapons Systems Acquisition, IDA Report R-338,
Institute for Defense Analyses, Alexandria, VA, December 1988.

The purpose of this report is to document the results of a study made by the
Institute for Defense Analyses (IDA) for the Department of Defense to
assess claims of improved competitiveness in the commercial industrial base
resulting from the use of concuirent engineering. IDA reviewed published
documentation on concurrent engineering and its impiementation in
industry;, conducted workshops to learn from industry of the various
approaches being taken to increase competitiveness; and visited and held
technical discussions with 14 major U.S. corporations on their successful
axperiences with the use of concurrent engineering. The IDA Report is the
IDA study team's judgment of the consensus expressed by the groups of
recognized experts.

Wood, Jonathan D. and Robert I. Winner, The Relationship Between CALS and
Concurrent Engineering, IDA Paper P-2306, Institute for Defense Analyses, Alexandria,
VA, 1 March 1990.

Concurrent engineering can be thought of as the integration of engineering
effort while CALS is the integration of engineering information. There are
two areas of explicit, shared interest between the two initiatives. These are
multi-enterprise information frameworks and individual information
exchange standards, discussed in sections 2.1 and 2.2. Conclusions and
recommendations for further action are found in section 3. The Works
Consulted section lists all of the documents used in this study. Appendix A
contains a copy of the Taft memo which partially defines the CALS
program. An article on concurrent engineering is reprinted in Appendix B.

Wroton, H.C. and D.A. Ruscio, Martin Marietta Astronautics Group, "Engineering
Excellence and How it Relates to Product Excellence,” ATAA/ADPA/NSIA 1st National
Total Quality Management Symposium, A Collection of Technical Papers, Denver, CO,
1-3 November 1989, pp. 8-14.

Before we can achieve excellence in our products, it is mandatory that we
achieve excellence in our engineering. Excellence in engineering means
providing documents to the fabrication community that have (1)
requirements that arc constant and consistent with contract specifications;
(2) parts that can be procured to schedule and have correct numbers; (3)
tolerances that are established with consideration to the build process; (4)
drawing presentations and definition that can be integrated and converted to
the finished product. In other words, our er.gineering products must be
error free. Engineering excellence must be accomplished before automation
occurs.

Engineering excellence cannot be achieved by our traditional definition of
engineering that describes the designer as the engineer. "Engineering” must
be defined as all engineering personnel (i.e., design engineers, systems
engineers, manufacturing engineers, product assurance engineers, etc.) who
will be associated with the design, fabrication and test of the product. The
team approach to producing e